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Nature’s Methods Would Take Ages 
WHAT NATURE has given us in the way of building 
stone she has taken thousands upon thousands of years to 


prepare. Her products are, without question, marvels of 
strength and beauty but as she leaves them they serve man 
only as a crust about the earth upon which to stand. To 
serve his purposes, man now makes his own stone. He 
makes it strong by embedding steel in it. He makes it 
homogeneous, every inch dependable, leak proof and fire 
proof. He forms it to suit every conceivable need in 
building construction. Man’s process requires only a few 
hours from the plastic state to the flint-hard mass, Al- 
though this necessity in our industrial life is simple to 
make, the proportioning of the ingredients must be done 
with great care as explained in the article, Mixing Con- 
crete for Power Plant Use, which appears in this issue. 


CALLING UPON a piece of equipment to go in and 
out of service automatically is nothing new in the power 
plant but to expect a motor to select automatically the 
one most important service which it should perform among 
the four of which it is capable seems like investing ma- 
chinery with human intelligence. This, however, is 
exactly what is done in a New England mill where a 
synchronous motor is so hooked up that it will serve as an 
auxiliary to either a steam engine or turbine, as a power- 
factor booster or as an emergency power unit for either of 
two mills. Just how this is done is explained on page 1005. 
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Pumpine Station Is Nuctevs For PowrEr PLAnt WHICH 
Starts OPERATION WitH Most MopERN EQUIPMENT 





————| N JUNE 1 the city of Muscatine, Iowa, located 
in the southeastern part in the state on the 
Mississippi River, put into operation a munic- 
ipally owned electric light plant which will 

furnish electricity for public service in com- 
petition with the existing public service company, a sub- 
sidiary of the United Light and Railways Co., and in 
addition will handle all the street lighting and pumping 
requirements of this industrial city of 17,000 inhabitants. 
The city owns and operates a water works system and the 
new municipal electric light plant is located at the site of 
the water works station which is approximately 2144 mi. 
south of the business district of the city. The old water 
works building and the new power plant building are con- 
nected so as to provide combined operation. Connections 
are so made in the equipment as to provide emergency 
water works service and flexibility in operation. Current 
generated in the power plant is transmitted to a sub-sta- 
tion located near the center of the city where the voltage 
is reduced and from which distribution is made to all its 
customers. 

In the power plant are two 750-kw. turbo generating 
units and two 314-hp. water-tube boilers. Sufficient space 
is provided, however, for an additional generating unit of 
1500 kw. capacity and a boiler of 500 hp. when load con- 
ditions warrant their installation. The design of the plant 
is worked out for an ultimate capacity of 6000 kw. 

















Although located near the bank of the Mississippi River 
which would naturally be considered as the source of con- 
densing water, the supply used for this purpose comes 
from wells which furnish the water for the city. This 


source of supply has several advantages over the river in _ 


that with the same suction head on the pumps, the water 
is free from all sediment, trash and fish without the neces- 
sity of providing a screen or filter; the temperature varies 
but little the year round, being considerably lower in sum- 
mer than*that of the river; and the initial cost of sinking 
the two additional wells required is much less than that of 
constructing an intake tunnel with rack. 
Monoratt HanpiEs CoaL AND ASHES 

Coal comes to the plant in railroad cars and is unloaded 
by means of a 3-T. monorail carriage and hoist. From 
the storage space a monorail track 510 ft. long is provided 
for delivering coal to the stoker hoppers. This coal han- 
dling equipment consists of an electrically operated car- 
riage, hoist and clam shell bucket and a standard rocker 
dump steel ash car which runs on a 24-gage track in the 
boiler room basement and is picked up by the hoist for 
delivering ashes to the storage. The monorail track ex- 
tends over the coal bunkers in the boiler room and runs 
outside over the 2000-T. storage space to the railroad 
track. This coal handling equipment is capable of han- 
dling 125 T. of coal a day to the stoker hoppers and was 
furnished by the Shepard Electric Crane & Hoist Co. 
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In the design of this system of coal handling the 
growth of the plant was taken into consideration and plans 
were made to install a bucket conveyor and apron feeder 
type of coal handling equipment when the additional 
boiler is put in. This will be located immediately outside 
the boiler room and carry the coal to overhead bunkers 
which will feed by gravity to the stoker hoppers. In the 
ultimate plan, the monorail system will deliver to a con- 
crete pit from which the apron feeder will discharge the 
coal to the bucket conveyor. When this system has been 
installed, a steam jet ash conveyor will be used to deliver 
the ashes to railroad cars on a siding. 


BortErs DELIVER STEAM AT.538 DEc. 

Steam is furnished for this plant by two Heine boilers 
designed for 200 lb. pressure and furnished with Foster 
superheaters which give the steam a superheat of 150 deg. 
These boilers are served by Westinghouse underfeed 
stokers, each having four retorts and side-wall tuyeres. 
Copes regulators control the supply of feed water to the 
boilers direct from the boiler feed pumps. Other mount- 
ings for each boiler consist of one Ashton steam gage with 
12-in. dial, one Reliance water column with three trycocks, 
one combination drum head and check valve for feed line 
operated from the floor, one straightway and one angle 
type combination blowoff valve and two Lagonda 414-in. 
pop safety valves. 

Boiler blowoff piping is extra heavy, lap welded, 
wrought steel except that cast-iron pipe is used for the 6-in. 
outlet from the blowoff tank. Each bottom blowoff con- 
nection is equipped with a 2-in. gate valve nearest the 
boiler and a 2-in. Everlasting rack and pinion operated 








rig. 1. FROM THE BOILER ROOM, THE MONORAIL COAL 
CARRIER RUNS AROUND THE END OF THE PUMP 
BUILDING TO THE RAILROAD TRACKS 
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FIG. 2. AIR TIGHT INSULATING COVERING PREVENTS AIR 
LEAKAGE THROUGH THE BOILER SETTING 


blowoff valve outside the gate valve. Each surface blowoff 
connection is equipped with two 114-in. gate valves and 
each superheater blowoff connection is equipped with a 
34-in. gate valve in each branch and a 34-in. gate valve in 
the down pipe leading from the superheater. The blowoff 
tank is of wrought steel having a capacity of 100 cu. ft., 
the shell being 3¢-in. in thickness. 

Attached to the furnaces are Ellison draft gages giving 
the wind box pressure and differential draft between fur- 
naces and stack. The stokers are provided with steam 
operated ash dump gates and Diamond Valv-in-head soot 
blowers of seven units are used for dusting the boiler tubes. 

Each boiler is furnished with a superheater which is 
designed so as to superheat 1600 lb. of steam per hour 
from the temperature of saturated steam at 200 lb. gage 
pressure to a total temperature of 538 deg. F. or a differ- 
ential of 150 deg. F. The equipmeiit for the boiler con- 
sists of the superheater proper, the connecting pipes and 
flanges, one superheater pop safety valve, a set of cleaning, 
dusting and access doors, drain pipes, valves and con- 
nections. 

Furnace Has Larce ComsBustion SPACE 

The combustion chamber has approximately 900 cu. ft. 
contents. The height of the lower row of tubes is 12 ft. 
above the floor line and the furnace width is sufficient to 
accommodate a four-retort underfeed stoker. The baffling 
is of the diagonal type with T tile on the second row of 
tubes. The two lower rows are arranged on rectangular 
centers so that the T tile may be inserted from the furnace 
chamber. The outside walls of the setting are 22 in. in 
thickness and these are lined with 13 in. of fire brick. 
The division wall, 26 in. thick, and the bridge wall, 22 in. 
thick, are built of solid fire brick. 
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FIG. 3, PLANS OF THE PLANT PERMIT DOUBLING ITS PRESENT CAPACITY WITHOUT ADDITION TO THE BUILDING 


One of the special features of this boiler setting is the 
manner of insulating the exterior of the brick walls. Wire 
loops are inserted in the red brick setting, every sixth 
course. Three coats of coal tar boiled to thin consistency 
and with asbestos wool stirred in it are then applied to the 
brick surface. After the mixture has thoroughly dried, a 
plastic asbestos cement is applied 114 in. thick. Over this, 
chicken wire of 2-in. mesh is stretched and securely tied to 
the wire loops in the brick work. Then another coat of 
asbestos cement 34 in. thick is applied and after this has 
dried, the entire surface is covered with 10-ounce canvas 
tightly pasted down and fastened by metal clips to the 
steel work of the setting. Two coats of asphalt paint are 
then applied. 


Tops of the boilers and blank faces of the front and 
rear headers are insulated with Johns-Manville fire felt. 
Sheets 1 in. thick followed by a 2-in. layer of sponge felted 
sheets and three 14-in. layers of cement. The ends of the 
drums are insulated with 85 per cent magnesia blocks 2 in. 
thick firmly wired on. Joints between blocks are filled 
with magnesia plastic and the surface covered with three 
layers of hard finished cement, the last layer being rein- 
forced with chicken wire and covered with canvas jacket 
pasted on. 


Underneath the boiler is a reinforced concrete ash pit 
constructed so that when the stoker dumps the ashes fall 
directly into the pit and slide toward the front wall which 
is in line with the boiler front and the sides and bottom 
slope toward the steel door. The ashes are removed by 
opening the door’and scooping them into an ash car. The 
pit floor and walls are lined throughout with fire brick laid 
up with fire clay. Four drains are provided for each ash 
pit which are connected by cast-iron soil pipe to a com- 





mon outlet connected to the floor drain of the building. 
On the front and two side walls of the ash pit, a 1-in. gal- 
vanized water pipe is provided, drilled with 14-in. holes 
spaced 3 in. apart. This pipe serves as a sprinkler system 
for quenching the ashes. 

As previously stated, the boilers are served by Westing- 
house underfeed stokers. The furnace width is approx- 
imately 7 ft. and the stack serving the boiler is 150 ft. by 
6 ft. Each stoker is furnished with an extra large hopper, 
having sufficient capacity for a 5-hr. run at 200 per cent 
rating and revolution counters are provided to keep fairly 
accurate account of the coal burned. 


Each stoker is separately driven by a steam engine 
made by the E. H. Wachs Co., but the two stoker shafts 
are interconnected through a clutch so that either engine 
can operate either or both stokers, The steam pressure 
supplied these engines is 200 lb. gage and 150 deg. super- 
heat. They exhaust against a back pressure of 21 Ib. 
during the heating season. These engines are fully en- 
closed and self-lubricating. They are connected to the 
main steam header and exhaust into the feed-water heater. 


Coal used in the plant is mined in Illinois and has the 
following approximate analysis: 


37.07 per cent fixed carbon 

38.27 per cent volatile matter 

9.70 per cent ash 

15.00 per cent moisture 

3.75 per cent sulphur and a heating valve of 
9500 B.t.u. per Ib. as fired. 


The stokers are designed with sufficient capacity to 
burn enough coal to develop 175 per cent of the normal 
rated horsepower of the boiler continuously and a maxi- 
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mum of at least 225 per cent of normal rating for a period 
of 2 hr. 

Two forced draft fans manufactured by the Buffalo 
Forge Co. and driven by Westinghouse turbines are in- 
stalled in the basement of the boiler house and used for 
supplying air to the stokers. Each fan is of sufficient 
capacity to supply air for all requirements of the two 
stokers when the boilers are operated at 225 per cent of 
their normal rated capacity. The blowers are designed for 
a static pressure of 514 in. and are of the multi-blade type, 
three-quarter housed, with vertical discharge. There is 
provided a tight closing damper for closing the discharge 
opening of each fan when the fan is not in operation. 
Clean-out doors are also provided to facilitate the quick 
cleaning of the fan blades. 


Stack Is or REINFORCED CONCRETE 


Serving the two boilers which are installed in this plant 
is a reinforced concrete chimney which was built by the 
Webber Chimney Co. It is built upon a concrete founda- 
tion and has a total height of 150 ft. above the ground 
line and an internal diameter of 6 ft. An expansion lining 
of radial fire brick is provided which is 41% in. thick and 
50 ft. high above the cinder door. The fire brick is laid 
up with fire clay and the lining is separated from the shaft 
proper by an air space of 2 in. 

Protection against lightning is provided for by means 
of a lightning conductor having four points at the top 
connected together and to the ground by a copper cable. 
The chimney is also provided with a ladder which is con- 
structed on the outside and extends from the bottom to the 
top. A heavy cast-iron, clean-out door near the bottom 
is also provided. Its dimensions are 24 by 36 in. and it is 
hung on hinges. 

Connecting the uptake outlets of the two boilers with 
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clean-out doors and expansion joint supports. It is made 
of No. 8 B. W. gage sheet iron with lap joints securely 
riveted and asbestos packing is used around the breeching 
where it passes through the walls of the building and 
stack. 


HEATING THE FEED WATER 


Located at one end-of the boiler room are the open 
feed-water heater and two boiler feed pumps. This heater 
is designed for use in connection with the auxiliary equip- 
ment exhausting at a pressure not to exceed 21% lb. It was 
manufactured by the Cochrane Corp. and has sufficient 
capacity to supply 45,000 lb. of feed water per hour at a 
temperature of 210 deg. F. when supplied with 6000 lb. of 
exhaust steam at atmospheric prsesure and the cold water 
supply at a temperature of 65 deg. F. The normal capacity 
is 20,000 lb. of feed water when supplied with 3000 lb. of 
steam under the same conditions as given above. 


Exhaust steam enters the heater through an oil separa- 
tor of sufficient capacity to remove all the oil from 6000 
Ib. of steam per hour. This separator is of the self-clean- 
ing type and is provided with a separate trap to discharge 
the oil and entrained moisture. The cold water enters | 
the heater through an automatic balanced valve controlled 
by a ventilated copper float. The pump suction opening is 
protected so as to prevent impurities or scum from enter- 
ing the feed pump, and as an additional precaution, a 
Lagonda multiple filter is provided between the heater and 
the pumps. 

Insulation for the heater and all pipes for steam and 
hot water is of 85 per cent magnesia covering 114 in. 
thick, the heater being insulated with magnesia blocks 
wired in place, the joints being filled with magnesia plastic 
and the surface covered with hard finished cement trowelled 
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FIG. 4.. CROSS SECTION OF BOILER SHOWS LOWER ROW OF TUBES COMPLETELY EXPOSED TO RADIANT 
HEAT OF FURNACE 











Two boiler feed pumps are provided, these being manu- 
factured by the Platt Iron Works and are of the horizontal 
duplex, double-acting, outside end packed, steam-driven, 
direct-acting type with balanced piston valve steam end 
and pot-valve water end, the dimensions being 9 by 6 by 
10 in. They take steam direct from the boilers at 200 lb. 
pressure and 150 deg. superheat and are designed to 
handle the feed water at 212 deg. F. against a pressure of 
225 lb. The pumps are controlled by Fisher pump gov- 
ernors with a steam bypass containing a globe valve pro- 
vided to bypass the governor. Each pump is provided with 
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3-phase, 60-cycle alternating current at 6600 v. The speed 
of the units is 3600 r.p.m. The exciters are direct con- 
nected to the turbine shaft and are rated at 18 kw. gen- 
erating direct current at 125 v. Steam is furnished to 
these units at a pressure of 200 lb. and 150 deg. superheat. 

There was supplied with each generating unit, a syn- 
chronizing motor with necessary equipment for varying 
the speed of the turbine manually from the switchboard so 
as to synchronize the two turbine generating units. The 
gages supplied with each unit consist of a steam pressure 
gage, throttle pressure gage, vacuum gage and a Biddle 
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PLANT AUXILIARIES ARE CONVENIENTLY LOCATED 


Fig. 5. Boiler feed pumps and heater are in well-lighted end 
of boiler room. Fig. 6. Motor-driven condenser circulating 


a Hills-McCanna cylinder lubricator and the steam cylin- 
ders and chests are insulated with 85 per cent magnesia 
covering. 

Feed water passing from the feed pumps to the boilers 
is measured by means of a Venturi meter manufactured 
by the Builders Iron Foundry Co. which indicates, records 
and integrates the water passing through it. It is cali- 
brated to register in pounds of water at 212 deg. F. and a 
pressure of 225 lb., the flow varying between the rates of 
10 and 100 gal. per min. The indications are in pounds 
of water. 

Water flowing to the boiler is controlled by Copes auto- 
matic feed-water regulators mounted on the front of the 
boiler. These are capable of passing 20,000 lb. of 210 deg. 
F. water against boiler pressure of 200 lb. 

Current is generated by two Westinghouse steam tur- 
bine generating units of the combined impulse-reaction 
type. These each have a capacity of 940 kv.a. generating 


pumps handle well water. Fig. 7. Oil filtering system and con- 
densate pump in turbine room basement. 


vibration tachometer. Air supplied for cooling the genera- 
tor is taken from outside, through an air duct and the hot 
air is discharged from the generator into the turbine room. 

There is also installed an oil filtering system consisting 
of a bypass from the oil reservoir in the bed of the turbine, 
sight overflow, oil filter, duplex steam oil pump, a Griscom 
Russell Multi-whirl oil cooler and other parts necessary 
for the successful operation of the system. It constitutes 
a continuous system of filtration which will distribute, 
filter and clarify lubricating oil for continuous use. This 
system was supplied by S. F. Bowser & Co. 

Serving each generator is a Westinghouse surface con- 
denser of 1500 sq. ft. These are the horizontal two pass 
type and are designed to maintain a vacuum of 28 in. 
referred to 30 in. barometer, the temperature of the cool- 
ing water being 55 deg. F. 

Circulating water for the condensers is taken from two 
12-in. drilled wells, 50 ft. deep, located adjacent to the 
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plant. Each well is capable of yielding 114 million gallons 
of water a day. Between the turbine and the condenser 
is an expansion joint made of copper. 

Two Westinghouse centrifugal circulating pumps are 
provided, each of which has a capacity of 1250 gal. per 
min. These are driven at 600 r.p.m. by induction motors 
of 25 hp. capacity. The condenser pit floor level is 20 ft. 
above the extreme low water level and will average 18 ft. 
The total static head on the pump is approximately 30 ft. 
They take water direct from the wells and the discharge 
from the condensers goes to the river in cast-iron pipe laid 
6 ft. under ground. These pumps are of the horizontally 
split type and so arranged that the revolving and working 
parts canbe quickly removed without disconnecting the 
entire pump. 

The condenser air pump is of the Westinghouse Leblanc 
type, motor driven, and the condensate pump is also of 
Westinghouse make and delivers the condensate from the 
condenser to the feed-water heater located in the boiler 
room. Owing to the fact that the air pump discharge can 
operate against practically no head and during the high 
water season, which is from three to six weeks each year, 
the basement is below the water level of the river, it was 
necessary to provide an auxiliary water tank, which is 
made of concrete and located in the basement, for recircu- 
lation of air pump water. All of the motors for the con- 
denser auxiliaries have automatic push-button controls. 


SteAM Piping DEsIGNED For 225 Lp. 


In general, the piping scheme for the steam supply 
consists of the following: 


Two—5-in. lines from the boiler nozzles to the super- 
heaters. 

Two—5-in. lines from the superheaters to the main 
steam header. 

One —8-in. steam header. 

Two—5-in. lines from the main steam header to the 

_ turbine throttles. 

One —5-in. line connecting the two boiler nozzles and 
the header from steam pumps in the old 
building. 

One —5-in. auxiliary header connecting main header to 
boiler feed pumps, stoker engines, fan turbines 
and other plant auxiliaries. 


All these mains and branches carry the superheated 
steam except the 5-in. pipe to the steam pumps in the old 
water works building which is connected to tees at the 
boiler nozzles and supplies saturated steam to the steam 
pumps. The entire piping system is designed for 225. lb. 
steam pressure and 150 deg. superheat. All steam supply 
pipe is extra heavy of mild wrought steel. Pipe 2 in. or 
larger is lap welded. All fittings of more than 11% in. 
diameter are extra heavy. flanged of open hearth cast steel, 
while the smaller sized fittings are used on all pipes 2 in. 
or larger. Pipe flanges for sizes 4 in. or larger are of 
forged steel of the Van Stone type, while those smaller 
than 4 in. in diameter are of forged steel forge welded to 
the pipe and finished all over after welding. 

Gaskets used are of soft corrugated steel. For pipe 
joints less than 2 in. in diameter, screwed connections are 
used. All high pressure steel piping was manufactured by 
Geo. Limbert of Chicago. 
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At each boiler outlet is placed a 5-in. extra heavy triple 
automatic stop and non-return valve of Lagonda make. 
Globe valves are of extra heavy hard metal throughout. A 
gate valve is provided in each branch to a stoker engine or 
feed pump and in the supply line of the steam turbine 
driving the fan conveniently located above the main floor. 
Gate valves are placed in each drain branch and in all 
other small branches. 

All pipe, fittings, valves, flanges, receivers, separators, 
traps, soot blower and drip piping is insulated, jacketed 
with canvas and finished with metal bands. All pipe 2 in. 
or larger is covered between flanges with fire felt 1 in, in 
thickness followed by a layer of sponge felt having a thick- 
ness of 2 in. for pipes 4 and 5 in. in diameter and 11% in. 
for pipes 2 to 3 in. in diameter. Smaller pipes except drip 
line are insulated with 2 in. of sponge felt.. Drip pipes are 
insulated with 114 in. of 85 per cent magnesia. 

All insulation is finished with 8-ounce canvas jackets . 
pasted and sewed on and provided with black Japanned 
bands, 18 in. centers. 

In the supply line lead to each turbine a receiver 
separator is provided and a separator is also placed in the 
supply lead to each steam turbine fan. The receiver separa- 
tors for the two turbines have a capacity of 10 cu. ft. each 
and those for the turbine fans 2 cu. ft. 

For the condensing apparatus a complete system of 
atmospheric relief piping is provided and a complete free 
exhaust system leading to the feed-water heater for all 
non-condensing apparatus. A 10-in. atmospheric relief 
valve for the steam turbines is furnished. The main 
atmospheric exhaust pipe is 14 in. in diameter and leads 
upward through the boiler room roof terminating in a 
cast-iron exhaust head. A 14-in. back-pressure valve which 
maintains a pressure on the heater and heating system is 
installed in this line. 


Main SwitcHBpoarp Has Hanp REMOTE CONTROL 
SwITCHES 


In one end of the turbine room is located the power 
station switchboard. It is designed for 6600-v., 3-phase, 
60-cycle current characteristics and is of hand remote con- 
trolled type, equipped with Westinghouse instruments, the 
high voltage equipment, busses and wiring being located 
in the basement and the measuring instruments, control 
apparatus for power switches and rheostats and the panels 
with only low voltage wiring is located on the turbine 
room floor. 

The switchboard consists of 11 panels controlling the 
circuits as follows and installed in the following arrange- 
ment: 

Swinging bracket and instruments. 


Panel No. 1—750 kw. 6600 volt, 3-phase generator. 

Panel No. 2—750 kw. 6600 volt, 3-phase generator. 

Panel No. 3—blank for future generator. 

Panel No. 4—exciter panel. 

Panel No. 5—exciter panel. 

Panel No. 6—automatic generator voltage regulator. 

Panel No. %—totalizing panel. 

Panel No. 8—6600 volt, 3-phase feeder panel (1500 
kw.) 

Panel No. 9—blank for future feeder as No, 8. 

Panel No. 10—synchronous motors for waterworks. 

Panel No. 11—station equipment. 
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Electric supply to the building is furnished by the pri- 
mary current at 6600 v., 60 cycle and is transformed to 
220-110 v. for house service. The secondary connection 
from transformer to distributing panel is of No. 2 B. & 8. 
gage R. C. copper wire and run in 114-in. conduit. The 
house transformers are located in the basement and con- 
sist of three supplying the power circuits each of 25 kv.a. 
capacity and a voltage ratio of 6600 to 220 connected in 
3-phase delta-delta. One lighting transformer is provided 
with a capacity of 10 kv.a. and a ratio of 6600 to 110/- 
220 v. These were all furnished by the Pittsburgh Trans- 
former Co. 

Two synchronous motor panels in the water works 
building are provided, each to control and operate a 200- 
ky.a., 6600-v., 3-phase, 60-cycle, synchronous motor at 
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ings consist of one volume of cement and eight volumes of 
aggregate. The construction is such that the highest 
known water level will not interfere with operation. 

Waterproofed reinforced concrete is also used for the 
roof, the slabs being 31% in. thick with 14 in. back plaster 
applied on the under side. On top of the concrete slab is 
placed a 214-in. hollow gypsum block covering for insula- 
tion purposes and over this is laid a 5-ply Johns-Manville 
roofing. 

For heating the building, steam is taken from the main 
exhaust in the boiler room, but in case of necessity, may 
be supplied through a live steam connection on the 3-in. 
auxiliary steam line. This connection consists of a gate 
valve and pressure reducing valve to reduce from 200 lb. 
pressure 150 deg. superheat to a proper heating pressure. 
































SYNCHRONOUS MOTOR-DRIVEN 


Fig. 8. Switchboards for control of pump motors. Fig. 9. City 
water is pumped by synchronous motor-driven centrifugal pumps 


varying power factors from 70 to 90 per cent. The two 
panels are mounted together and supplied with current 
from the main switchboard panel. These are supplied by 
the Electric Machinery Mfg. Co. of Minneapolis, Minn., 
and have a rating of 196-hp. continuous duty. They are 
designed for push button control of the two synchronous 
motor-driven centrifugal pumps which supply the city with 
water. 

City water is pumped at this plant by two DeLaval 
two-stage centrifugal pumps designed to operate at 1800 
r.p.m. against a head of 131 ft. delivering 1800 gal. per 
min. These are driven by synchronous motors furnished 
by the Electric Machinery Co. which are rated at 196 hp., 
200 kv.a., 6600 v. excitation being furnished by a direct 
connected generator of 4 kw. capacity delivering direct 
current at 125 v. These motors will correct the power 
factor of the plant from 75 per cent lagging to 90 per cent 
lagging when the external load on the plant is 1500 kw. 

These pumps are located in the old pumping plant and 
take the place of two reciprocating pumps of the steam- 
driven type which are still held in reserve with steam con- 
nection to the new boiler plant. 


FEATURES OF BUILDING CONSTRUCTION 
In the construction of the power house building, rein- 
forced concrete and brick were used. The concrete founda- 
tion walls and basement floors of the building are water 
proofed being composed of one volume of cement and six 
volumes of aggregate. All other foundations and the foot- 





PUMPS IMPROVE POWER FACTOR 






under push-button control. This equipment is located in the 
pumping plant and helps to maintain a high power factor. 


In connection with the heating system, an automatic 
pump and receiver set is used to elevate the condensate 
from the heating system and auxiliary exhaust system to 
the feed-water heater. 

Cast-iron sectional type radiators are used, having 
three columns 38 in. high in the basement and 30 in. high 
on main floors. The following is the radiation which .is 
provided in the different rooms of the power plant: 


Room No. Radiators Total No. Sq. Ft. 
MONGOUND So 5k occ es whos ba «. 3000 
SONET GenGauckecsenues sacs 10 4000 
Turbine basement and switch- 

DOT TOOM cs5e1620. 515 eis os. bie 615 8 800 


Floor grating in the turbine room is of Irving subway 
and the stairways are made of similar material. Over all 
pipe trenches checked cast-iron floor plates 14 in. thick are 
provided. These are ribbed, supported by iron channels 
and fit closely to the floor. 

In the turbine room a 15-T. Whiting overhead ‘travel- 
ing crane is provided. Hoist, truck and bridge are all 
operated by hand power by pendent chains reaching to 
within 3 ft. of the floor. 

Construction and operation of this plant is carried on 
under the supervision of the “Board of Electric Light 
Trustees” consisting of J. L. Giesler, Arthur Hoffman and 
B. C. Benham, J. E. Tuttle being the superintendent of 
the plant. The entire plant and system was designed and 
supervised by Arthur L. Mullergren of Kansas City, Mo., 
who was the consulting engineer for the city of Muscatine. 
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Calculation of the Boiler Heat Balance 


SOLUTION OF A PROBLEM AND AN 
Arrect Borer Economy OVER 


OILER TESTS ARE conducted for several reasons, 
the first being that of checking up on the guarantees 

as specified at the time that new equipment was purchased 
and the second reason being for the purpose of studying 
the operation with the point in view of improving economy. 
The calculation of a boiler test does not give an item- 
ized account of the individual items of boiler operation 
wherein losses occur. It is necessary, therefore, to resort 


to the calculation of a heat balance which is based upon 
the data gathered at the time of the boiler test. The heat 
balance shows in detail where the various losses have oc- 
curred and is, therefore, extremely valuable in finding 


ANALYSIS OF CONDITIONS WHICH 
Various PERIODS OF OPERATION 


those items which are out of line and which should be 
corrected in order to improve economy. 

Boiler operation losses may be readily classified into 
two groups, those which are unavoidable and those which 
may be controlled. The unavoidable losses result directly 
from the necessity of discharging the gas of combustion at 
a temperature above that of the fuel and from the moisture 
and hydrogen content of the fuel. Those losses which 
may be controlled result from the amount of air used 
in excess of that necessary for the complete combustion of 
the fuel; unconsumed combustible matter wasted in the 
ash; unconsumed gaseous combustible discharged with the 





BTU LOSS aC) 


TEMPERATURES OF FLUE GAS DEG F 
CHART FOR DETERMINATION OF B.T.U. LOSS 
DUE TO MOISTURE CONTENT OF FUEL 
Enter chart at base line at the temperature of the flue 
gas, follow up to room temperature, then horizontally to 


line representing percent moisture in fuel, then read ver- 
tically up to top scale, which is the loss in B.t.u. 


Fig. 1. 


LOSS DUE TO BURNING HYDROGEN- BT.U 
00 300 400 500 100 


TEMP. OF FLUE GAS, DEG F. 
CHART SHOWING B.T.U. LOSS DUE TO BURNING 
HYDROGEN 
Locate flue gas temperature at bottom of chart, follow 
up to line representing room temperature, then horizontally 


to line representing per cent hydrogen in fuel, then ver- 
tically up to the top line, which shows loss in B.t.u. 


FIG. 2. 





CHART SHOWING GRAINS OF MOISTURE PER 
POUND OF DRY AIR 
Locate dry bulb temperature on bottom line, follow up 
to intersection with wet bulk temperature diagonal line, 
then horizontally, right or left, to grains of moisture per 
pound of dry air. 


FI@. 3. 


AIR SUPPLIED PER LB OF DRY COAL 


OF 


wt 


C0, 
FIG, 4.. CHART FOR DETERMINATION OF WEIGHT OF 
DRY AIR SUPPLIED PER POUND OF DRY COAL 


Enter chart at base line showing CO,, follow up to curve 
representing per cent CO, then horizontally to diagonal line 
representing per cent nitrogen in flue gas, then vertically to 
line representing carbon in fuel and finally horizontally to 
right-hand margin. 
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exit gas and finally the heat loss through radiation from 
the boiler setting and the furnace walls. 

As ordinarily listed, the items given in a heat balance 

are as follows: : 

1. Loss due to the moisture content of the fuel. 

Loss due to the water vapor formed by the com- 
bustion of hydrogen. 

3. Loss due to the moisture in the air used for com- 
bustion. 

4. Loss due to the heat carried away in the dry chim- 
ney gas. 

5. Loss due to unconsumed solid combustible matter 
(combustible in refuse). 

6. Loss due to incomplete combustion of gaseous 
combustible matter discharged with the chimney 
gas. 

7. Radiation and unaccounted for losses. 
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FIG. 5. LOSS DUE TO MOISTURE IN AIR USED FOR 


COMBUSTION, B.T.U. 


Enter chart as at A, showing grains of moisture in air, draw 
line AB to fourth line from left which shows weight of air per 
pound of coal. Locate intersection C and draw CD to the differ- 
ence in temperature line and locate point E which shows the loss 
in B.t.u. 


The heat balance may be worked up on a dry fuel or a 
fuel as fired basis. Care must be taken, however, to 
have the numerical values used in the computations all on 
the same basis, that is, either on the basis of dry fuel or 
fuel which is as received or as fired. The latter term is 
preferable when speaking of wet coal because it takes into 
account any changes in moisture content which may have 
occurred up to the time the coal was fired into the furnace. 


TRANSPOSING CoAL ANALysIs TO ProprerR Basis 

Aside from the data obtained from the boiler test, the 
coal analysis is of extreme importance in working up a 
heat balance. The ultimate analysis is that which is 


required and it must be on the dry coal basis if that is the 
one being used: 

Oftentimes an ultimate coal analysis will be reported 
on the basis “as received”; then, if it is wanted on a dry 
basis, the figures must be converted over to the latter. 
A typical ultimate analysis “as received” is as follows: 


October 1, 1924 
DE Aus one rcevtide boon 57.36 per cent 
ee eee re 5.41 per cent 
ML 8s us <xiniethiees +s 1.05 per cent 
ee ery errr Pe eee 18.02 per cent 
cane ROPER CERT TOT 4.76 per cent 
WUE 36.460:600 50465 Seed a aie 13.40 per cent 





100.00 


From a proximate analysis the free moisture of this 
coal would be about 11 per cent. 

In this analysis the free moisture is included in the 
hydrogen and oxygen. Since water is composed of one 
part hydrogen and eight parts oxygen, 1/9 of the free 
moisture should be subtracted from. the hydrogen and 8/9 
from the oxygen in order to include free moisture as a 
separate item in the analysis. 

Going through the calculations of this we would have 
5.41— 1/9 K 11= 4.18 per cent hydrogen and 18.02 — 
8/9 X 11= 8.25 per cent oxygen. 

Then the analysis would read as follows: 





Per cent 

BUS C UP TST EET eePET tees 57.36 
PEIN cg odo oss ceca vugabasies 4.18 
I 66s edcnisceseguwesetenin 1.05 
Pe rere re eee er reer res roe 8.25 
UNO ba ech veg ek el bbhieto veces 4.76 
ee eee Tee Cee Eee Te ee 13.40 
Free Waeislure... . 26.06 isecees ayer 11.00 
100.00 


Now then to get this analysis to moisture free or dry 
basis we must divide each item in this last analysis tabu- 
lation by one minus the proportional weight of moisture, 
or by 1— 0.11, which equals 0.89. The ultimate analysis 
on a moisture free or dry basis will be: 


Carbon ....57.36 0.89 = 64.44 per cent 
Hydrogen.. 4.18--0.89== 4.69 per cent 
Nitrogen... 1.05+-0.89== 1.18 per cent 
Oxygen.... 8.25-+-0.89== . 9.28 per cent 
Sulphur.... 4.76+-0.89== 5.36 per cent 
erry 13.40 0.89 == 15.05 per cent 





100.00 


This is the analysis which we will use in working up 


the heat balance on a dry fuel basis. 
In addition to the foregoing it will be necessary to 
assume the following information which would ordinarily 


be obtained from actual data: 
B.t.u. per lb. of dry coal.......... 12,100 


Ash and refuse, per cent dry coal... 21 
Unconsumed carbon in ash, per cent 30 


Flue gas analysis, per cent..... CO, 12.5 
0, 5.0 
CO 0.6 
a, a 
Evaporation from and at 212 deg. F. 
per Th. Gry COGL TOs... ook occas 8.8 
Wet bulb thermometer, deg. F..... * 68 


Temperature of boiler room, deg. F. 75 
Temperature of exit gas, deg. F.... 
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With this data we may now calculate or take from (3) Loss due to moisture in the air used for combus- 
the charts the various losses in the order in which they tion. From the wet and dry bulb thermometer readings 
have previously been stated. ’ and the psychrometric chart, Fig. 3, it is found that the 

(1) Loss due to moisture content of the fuel. The grains of moisture in the air per pound of dry air sup- 
moisture content of the coal is 11 per cent which expressed 91 
in terms of dry coal is 11 -- (100 —11) 12.3 per cent. plied is 91, or = 0.013 lb. The weight of dry air 
The loss due to moisture can be expressed by the empirical 7000 
formula: supplied per pound of dry coal can be obtained from the 

Loss, B.t.u. per lb. == W (1090.7 + 0.455 T — t,) 3.032 N, 
where W equals the weight of moisture per pound of fuel, formula —————— C. By substitution we find that the dry 
T equals the temperature of the flue gas and ty equals the co, + CO 

NUMERATOR DENOMINATOR 


2 
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0 
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FIG. 6. CHART FOR DETERMINATION OF WEIGHT OF DRY GAS PER POUND OF CARBON ACTUALLY BURNED 


Enter chart at A showing per cent CO,, draw AB and note intersection at C. Draw CD to point on line representing CO and mark 
intersection E. Draw EF to point representing per cent nitrogen and mark intersection G. Then at right hand side of 
chart draw IJ and mark the intersection H. Finally draw GH and read the result at intersection L. 











temperature of the fuel, which is the same as room tem- 3.032 & 81.9 
perature. Substituting in the formula we have— air supplied = —— (0.6444 — 0.063) = 11.20 lb. 
12.5 + 0.6 
Loss = 0.128 [1090.7 i X 600) — 25] The weight of water vapor per pound of dry coal is 
= 158.5 B.t.u. or = 1.31 per cent 11.20 X 0,013 = 0.145 Ib. and, therefore, the loss from 
Naat Teenie this source is: 0.145 0.48 (600 — 75) = 36.5 B.t.u. or 
12,100 pot 
(2) Loss due to burning of hydrogen. This may be = 0.30 per cent. In the above expression 0.48 is 
expressed by the following formula: 12,100 
taken as the specific heat of the water vapor which is 
Loss, B.t.u. per lb. == 9H, (1090.7 + 0.455T — ty) present in the flue gas. 


(4) Loss in the dry chimney gas. The weight of 
where H, equals the weight of hydrogen per pound of fuel dry gas per pound of carbon burned can be obtained from 
and T and t; have the same values as before. Then the the formula, 


11 CO, + 80, ++ 7 (CO +N,) 





Loss = 9 X 0.0469 [1090.7 + (0.455 X 600) — 75] 


544 
= 4.50 per cent 3 (CO, + CO) 


12,100 By substitution we have: 


== 544 B.t.u. or 
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11 X 12.548 X 5.047 (0.60 + 81.9) 
= 19.2 Ib. 





3 (12.5 + 0.60) 
The weight per pound of fuel will be 19.2 (0.6444 — 
0.063) == 11.16 lb. 
The loss due to the heat carried away in the dry 
chimney gas is then: 11.16 & 0.24 (600 — 75) = 1406 





1406 
B.t.u. or = 11.62 per cent. In the preceding ex- 
12,100 
pression the figure 0.24 is the mean specific heat of the 
flue gas. 
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CHART SHOWING THE LOSS IN B.T.U. IN 
THE DRY CHIMNEY GAS 


FIG. 7. 


Enter chart on left-hand line. Draw line through point repre- 
senting dry gas per pound of carbon. Extend this line to the cen- 
ter line. From this point draw a line through the point repre- 
senting the difference in temperature. Extend this line to the 
right-hand and read the loss in B.t.u. 


(5) The loss due to unconsumed combustible matter 
in the ash and refuse will be: 





0.21 x 30 762.3 

——__—_. < 12,100 = 762.3 B.t.u. or = 6.30 per cent 
100 12,100 
(6) Loss due to unconsumed gaseous combustible 


matter will be: 
0.60 
————— X (0.6444 — 0.063) (10,160) = 270.5 B.t.u. 
12.5 + 0.60 
270.5 
= 2.24 per cent 





or 
12,100 
10,160 being the B.t.u. evolved in burning 1 lb. of carbon 
in carbon monoxide to carbon dioxide. 
(7) Loss due to radiation and that loss which is 
unaccounted for is: 
12,100 — (8540 + 158.5 + 544.0 + 36.5 + 1406.0 
+. 62.3 + 270.5) = 382.2 B.t.u. or 
382.2 
——— = 3.15 per cent 
12,100 
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Tabulating our results, we will have the following heat 
balance : 













: DtaAL Per cent 
(1) Loss due to moisture in fuel 158.5 1.31 
(2) Loss due to hydrogen...... 544.0 4.50 
(3) Loss due to moisture in air. 36.5 0.30 
(4) Loss in dry chimney gas... 1,406.0 11.62 
(5) Loss due to unconsumed 
combustible ...........0> 762.3 6.30 
(6) Loss due to unconsumed 
gaseous combustible...... 270.5 2.24 
(7) Loss due to radiation, etc... 382.2 3.15 
Heat absorbed by the boiler.. 8,540 70.58 














12,100 100.00 


This tabulation may represent either of two conditions : 
first, it may represent the results obtained for a short 
period of time, such as a 24 or 48 hr. test and, second, it 
may represent a period of a month’s operation. If the 
latter, we should not expect as good results as: if the 
calculation had been for a comparatively short test period. 
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FIG. 8. CHART FOR DETERMINATION OF THE LOSS IN B.T.U. 
DUE TO UNCONSUMED COMBUSTIBLE MATTER IN THE ASH 


Locate per cent carbon in ash on left-hand line and the per 
cent ash and refuse on the second line. Draw a line through these 
two points and extend it to the center line.. From this point draw 
a line through the point representing B.t.u. per pound of dry coal 
to the right-hand line and read the loss in B.t.u. 










If we stop to analyze this table we note first that the 
heat absorbed by the boiler, or the overall boiler efficiency 
is 70.58 per cent. This would be considered low for a test 
but would represent good average conditions for an ex- 
tended period. The loss due to moisture in the fuel is 
uncontrollable unless it would be profitable to change the 
grade of fuel; or unless it were found that the operators 
were using an excessive amount of water in wetting down 
the coal. The loss due to hydrogen is a function of the 
hydrogen content of the fuel. 

Loss due to moisture in the air is affected by the 
atmospheric conditions and the flue gas analysis. In our 
problem we may consider that the atmospheric conditions 
were about normal and therefore to cut this loss we must 
work toward an increase of CO,. It is probable that this 
could be raised from 12.5 to 13.5 or even 14.0 per cent. 
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Loss in the dry flue gas is good average practice and 
would be lowered only by improved baffles or a more 
thorough cleaning of the water heating surfaces so. that 
the flue gas temperature would be lowered. The loss 
caused by the unconsumed combustible in the ash is high. 
Evidently the fires were run too long or too deep. It indi- 
cates that a considerable amount of coke is carelessly 
being allowed to find its way into the ash pit. 


Cc 


L* to+00, *ioo 


% CARBON ACTUALLY 


CONSTANT = 10,160 
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careless use of blowoff valves, leaking valves, . wasteful 
methods of blowing and cleaning tubes, safety valves 
which do not seat or which are allowed to blow without 
good reason are all ways in which a great amount of coal 
is wasted each year in the average boiler plant. 

Careful analysis of the points outlined above, accurate 
tests and the calculation of the heat balance based on 
tests cannot fail to point out the mistakes which are so 


cxK 


= LOSS DUE TO UNCONSUMED 
COMBUSTIBLE MATTER, 


15.0 


FIG. 9. CHART FOR DETERMINATION OF THE LOSS IN B.T.U. DUE TO UNCONSUMED GASEOUS COMBUSTIBLE MATTER 


Enter chart on line showing per cent CO, read up to per cent carbon burned, then horizontally to the line marked constant and then 
drop a line.straight down into the lower right-hand quad-ant. Beginning again with the CO drop down to the per 
cent CO,, then extend a line horizontally into the lower right-hand quadrant to intersect with the 
line previously drawn. This.iitersection shows the loss in B.t.u. 


Unconsumed gaseous combustible is a function of the 
analysis of the flue gas and the net carbon consumed. A 
higher CO, will cut down on this loss. The radiation and 
the unaccounted for loss in our problem is not excessive. 
In actual operation it would be well, however, to inspect 
and place in first class condition the furnace and boiler 
setting insulation as well as that over the steam drums 
and drum heads. Taken as a whole, our problem would 
indicate that an efficiency of probably not less than 75 
per cent could be obtained. 

Over a long period of operation there are certain losses 
which cannot be entirely prevented but they often open 
the way to a great loss of fuel. These losses may be 
stated as: (1) Heat loss in shutting down boilers. (2) 
Coal required to start up a cold boiler. (3) Coal used in 
banking fires. (4) Heat lost in blowing down the boilers 
and in using soot blowers and the steam lance. Over a 
long period of time these losses may range from 5 to 15 
per cent or more of the total heat generated. 

To cut down these losses it is necessary to have only 
such boilers fired as are actually necessary to handle the 
load. It is an all too common error to have boilers loafing 
along which should not even be lighted. 

Careful study of the coal used in lighting up and in 
banking fires will almost invariably result in savings. The 


often made. The correction of these mistakes is but a 
determination to do things right. 


Provide Movable Centers for 
Chain Drives 


For CHAIN drives always use an odd number of teeth 
in both sprockets when possible. Chains are regularly 
furnished with an even number of pitches and the com- 
bination of odd teeth and even pitches increases the life 
of the drive. Provide adjustment of distance between 
shaft centers wherever possible. Motors on rails cost but 
little extra and the additional cost is soon saved in easy 
adjustment of slack in the chain. Avoid vertical drives if 
possible but where vertical drives are unavoidable, center 
adjustment must be provided. 

Where extremely quiet drives are necessary, such as. 
ventilating fans in schools, halls, etc., a small pitch, 
wider chain, more teeth in pinion and slower chain speed 
are desirable. ‘Drives which are to be subjected to sudden 
shocks or pulsating loads should be designed at least 50 
per cent heavier than normal drives, according to the 
recommended practices of the Ramsey Chain Co., Inc. 


No ONE need ever be afraid for the truth. The truth 
is going to survive. 
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Powdered Coal for Small Boiler Plants’---II 


Unit PuLvERIZING SYSTEM IS READILY ADAPTABLE TO 


SMALL BorLER INSTALLATIONS. 


HERE PULVERIZED coal is already being used in 
a plant for metallurgical or other purposes, small 
boilers can be satisfactorily and economically changed 
from hand or stoker firing to pulverized coal firing by 
simply connecting in with the existing central prepara- 
tion plant. The additional equipment required consists 








FIG. 1. BUT LITTLE ADDITIONAL EQUIPMENT IS REQUIRED 
WHERE PULVERIZED COAL IS ALREADY IN USE IN THE 
PLANT 


of a storage bin, a coal feeder from the bin, a blower to 
receive coal from the feeder and convey it to the burners, 
a secondary air blower to furnish air for combustion, a set 
of burners, and of course, the necessary changes in the 
design of the boiler setting. An arrangement of this 


character is shown in Fig. 1. In Fig. 2 is shown an 
arrangement of coal and air lines from the coal blower 
leading to the burners at the top of the combustion 
chamber. 

As each boiler is a self contained unit, it may be 
equipped and operated entirely independent of any other 
boiler. The pulverized coal is circulated. to each of the 
boiler hoppers through a 4-in. pipe line by means of a 
pneumatic conveyor system. The air required for this 
purpose amounts to approximately 350 cu. ft. per ton of 
coal handled where the air pressure is about 25 lb. 

Any boiler can readily be cut in or out of service by 
means of switching valves on the coal line and gate valves 
on the steam line. 

To determine whether a unit pulverizer or a central 
station system will be best suited for any particular in- 
stallation, a careful study of local conditions and boiler 
capacity must be made. First cost should not be con- 
sidered of prime importance. Repairs, maintenance, power 
consumption per ton of coal pulverized, reliability of the 

*This is the second of a series of three articles on this sub- 


ject. The first appeared on page 937 of the September 15 issue 
and the third and last will appear in the Octobr 15 issue. 


By T. W. ATTERBURY 


equipment and flexibility of the feeders should all be care- 
fully considered and a comparison made on the basis of 
this consideration. 

Generally speaking, the unit pulverizer system is likely 
to be shut down more frequently for repairs than the low 
speed mills ordinarily used with the central plant. Main- 
tenance cost of unit pulverizers handling bituminous coal 
will ordinarily run about 12 cents per ton as compared 
with about 6 cents per ton for the low speed mills. 

Power consumption is necessarily a variable figure. It 
depends largely on the moisture content of the coal and 
the fineness to which it is to be pulverized. With a mois- 
ture content varying from 1 to 4 per cent, there is but 
little difference in the kilowatt-hours required per ton. 





FIG. 2, ARRANGEMENT OF COAL AND AIR LINES FOR FEED- 
ING INTO THE TOP OF THE COMBUSTION CHAMBER 


With the moisture content varying from 4 to 7 per cent, 
the power requirements per ton will be increased from 1 
to 1.5 kw-hr. ' 

With the free moisture content varying from 1 to 3 
per cent, the mill capacity is not materially changed, but 
where this content is increased from 3 to 7 per cent, the 
mill capacity may be decreased as much as 10 or 15 per 
cent. Under normal conditions the unit pulverizer re- 
quires approximately 21 kw-hr. per ton pulverized, whereas 
the slow speed central preparation plant requires but from 
12 to 14 kw-hr. per ton with the moisture content not 
exceeding 6 per cent and the fineness approximately 75 
per cent through a 200 mesh screen. 

Pulverized coal equipment may be advantageously in- 
stalled on waste heat boilers for use when the normal heat 
supply is cut off. With such a system the boiler may be 
started up quickly and the coal feed may be cut off in- 
stantaneously when desired. Coal may also be used to 
supplement the waste heat supply in case there is a short- 
age from that source. 

In Fig. 3 is shown an outline of a successful waste 
heat boiler installation fired with pulverized coal. In this 
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plant the pulverized coal is used principally for firing 
reverberatory furnaces and the coal is supplied from a 
central station. Under these conditions a unit type pulver- 
izer could readily be installed in connection with the waste 
heat boiler as an alternative or as a supplement to the 
waste heat supply. 

In general, vertical boilers are so designed that the 
burners feed into the combustion chamber vertically, the 
path of the flame being downwards for some distance and 
then doubling back on itself and rising vertically to the 
first boiler pass. Such a design is illustrated in Fig, 4. 
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FIG. 3. PULVERIZED COAL EQUIPMENT IS ADVANTAGEOUSLY 
APPLIED TO WASTE HEAT BOILERS 


Horizontal boilers may be fired either with vertical or with 
horizontal burners such as shown in Fig. 5. 


PROPORTIONS OF COMBUSTION CHAMBERS ARE IMPORTANT 


Obviously, the proportions of the combustion chamber 
have a considerable bearing on the method of firing. The 
total cubical content of the combustion chamber, the 
depth and cross sectional area, have each to be considered 
carefully. 

If the ash is to be disposed of in a light, easily re- 
moved, dry, friable or powdery form, the volume of the 
combustion chamber must be large. If, on the other hand, 
the ash is to be disposed of by melting and running off in 
a fused condition, the combustion space may be consider- 
ably less. When light ash removal is desired, as is the 
general practice, a furnace volume of approximately 5.5 
cu. ft. per boiler horsepower at rating gives good operating 
results in as far as brick work maintenance and ash 
removal is concerned. Another method for determining 
furnace volume is to allow 45 cu. ft. per lb. of coal burned 
per min. at maximum rating. A more accurate method 
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SAMTCAL WATER TURE BOILER WITH ALR COOLED FUIVSCR 





PATH OF THE FLAME IS FIRST DOWNWARDS AND 
THEN BACK UP AGAIN 


Fig. 4. 


is to determine the heating value of the coal and to allow 
about 12,600 B.t.u. to be generated per hour per cu. ft. of 
combustion space. Combustion chamber volumes have 
been determined largely by experiment and by profiting 
by the mistakes made on some of the earlier installations. 

Cost of the combustion chamber will vary with the 
volumetric capacity and some designers go to the extreme 
in order to insure a satisfactory ash disposal. The depth 
of the chamber must be such that with the longest flame 
encountered, the temperature will not be high enough to 
fuse the ash. In other words, the temperature of the bot- 
tom of the combustion chamber must always be lower than 
the fusing point of the ash if the ash is to be removed in 
a light, loose form. Where ash is to be removed in the 
liquid form, the depth and consequently the cost of the 
combustion chamber may be considerably reduced. This 
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Fig. 5. APPLICATION OF HORIZONTAL 





























SECONDARY FAN SUPPLEES ABOUT 75 PER CENT OF 
THE AIR REQUIRED FOR COMBUSTION 


FIG. 6. 


is an important consideration in changing over old boilers 
to pulvetized coal as frequently it is not possible to get 
the necessary depth for fine ash removal. Some manu- 
facturers have developed and others are experimenting 
with ash removal in liquid form. As this method is being 
successfully used on industrial furnaces important develop- 
ments along this line can reasonably be expected. 
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IN THIS INSTALLATION THE FAN HANDLES ONLY 
ENOUGH AIR TO CONVEY THE COAL 


FIG. 7. 
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Obviously, the cross-sectional area of the combustion 
chamber has an important relation to the velocity of the 
furnace gases. Too high a velocity has a scouring action 
on the brick work and causes a tendency to bypass some of 
the boiler tubes. Experiment has shown a good velocity 
of gases through the combustion chamber to be about 5 to 
6 ft. per sec. Velocities greatly in excess of these figures 
will carry burning particles of coal through the com- 
bustion chamber and into contact with the rear wall or 
with the boiler tubes. Ash will also be carried along in 
a plastic state and will adhere to any surface with which 
it may come in contact. Conversely a low gas velocity 
will allow ash to settle out before reaching the heating 
surface. 

Solid. furnace walls have given excellent results in 
boilers of moderate capacity, say from 400 to 600 boiler 
horsepower at rating. Water cooled walls have been 
used in boilers of this capacity with satisfactory results 
and with a minimum of excess air for combustion. In 
larger boilers of greater than, say, 800 hp., air cooled walls 
are generally used. Inasmuch as about 75 per cent of the 
total air required for combustion is admitted as secondary 
air, it is good practice to provide hollow walls and pre- 
heat the air before it is admitted to the furnace. With 
proper design, this cuts down the radiation losses and in- 
creases considerably the life of the fire brick lining by 
reducing the mean temperature of the brick work. On 
large installations, this also cuts down the total weight 
of the walls. 

METHODS OF SUPPLYING AIR AND CoAL 

Air requirements for complete combustion amount to 
about 11.5 lb. per lb. of coal fired. Volumetrically this 
amounts to about 150 cu. ft. of free air per lb. of coal 
burned. For close computations the analysis of the coal 
must be known, but for estimating the volumetric capacity 
of the fan required, it is customary to allow about 180 
cu. ft. per lb. of coal burned at maximum rate. This 
gives a fan capacity sufficient for handling all the air and 
coal to be blown into the. combustion chamber where no 
secondary air is admitted through openings in the furnace 
walls. 

Some types of unit pulverizers draw in air to propel 
the coal through the pulverizer in sufficient volume to fur- 
nish the 150 to 180 cu. ft. required for complete combus- 
tion. The air volume can be’ properly regulated and by 
the aid of a CO, recorder, the correct proportion of air 
may be admitted so that 16 to 17 per cent CO, may be 
attained without any CO. When firing with equipment 
such as shown in Fig. 3, all of the air for combustion is 
introduced through the burners where it is intimately 
mixed with the coal. This method of feeding is fre- 
quently used when burning coal furnished by a central 
preparation plant to a bin near the boiler. Other makes 
of unit pulverizers draw into the machine just sufficient 
air to carry off the fine coal in suspension, leaving the 
coarser particles for further grinding. The rest of the 
air required for combustion is furnished by a secondary 
fan having a regulated inlet, the fan discharging all the 
air and coal through mixers and burners into the com- 
bustion chamber. Figure 6 shows such a system. 

In large boiler plants where the coal is prepared in a 
central pulverizer installation and blown to a bin at the 
boiler, air can be admitted to the combustion chamber in 
either one of two ways. In one method, a fan furnishes 
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about 15 per cent of the total air required for combus- 
tion. This 15 per cent carries in all the coal through the 
burners at a pressure of about 3 oz. at the mouth of the 
burner. Around the outside of the burner about 10 per 
cent of the total air is induced to keep the burner casting 
cool and to support ignition. The balance of the air for 
combustion, 75 per cent, is drawn through the hollow 
furnace walls by furnace draft and into the furnace in 
such a way as to effect good mixing with the coal. Such 
a system is illustrated in Fig. 7. 

Another method of air supply used with central prepa- 
ration plant equipment is as shown in Fig. 1. Here the 
coal is fed by a special screw feeder from the bin to the 
coal blower. This blower delivers the coal, with a mini- 
mum amount of air to clear the pipe, into the so-called 
volume air supplied by a secondary air blower. The air 
and coal mixture is then thoroughly intermingled and 
blown through the burners into the combustion chamber 
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FIg. 8. THE DISCHARGE END OF THE SCREW CONVEYOR 
SHOULD BE LARGER THAN THE INLET END TO PREVENT 
PACKING 


at a pressure of about 14 oz. In this method of firing, all 
the air for combustion passes through the burners with 
the coal, some of the secondary air being preheated by 
circulating through the hollow furnace walls. 

With the unit pulverizer, no special coal feeder is 
required. Pulverized coal is drawn from the mill and is 
blown, with the proper amount of air, direct to the com- 
bustion chamber. When the pulverized coal is drawn from 
a bin located near the boilers a specially designed screw 
ig used as shown in Fig. 8. 

For the best firing conditions, the rate of coal feed 
should be uniform, the discharge end of the screw should 
be of larger capacity than the inlet end so that the coal 
loosens. up and discharges‘ freely. An equalizer disk is 
shown on the discharge end which mixes the coal with the 
air current and gives a mixture of coal and air of uniform 
composition. The screw should be able to deliver dry coal 
and moist coal equally well; that is, coal containing from 
1 to 5 per cent free moisture. If, for any reason, coal 
having a higher moisture content than 5 per cent is used, 
some difficulty may be experienced in obtaining uniform 
coal feed. One of the principal reasons for drying coal 
in the large plants is to eliminate conveyor and feeder 
troubles encountered with moist pulverized coal. 


Arter taking up any bearing, watch it carefully for 
awhile so as to be sure it is not too tight. If it shows any 
signs of heating, ease up on it and gradually tighten it up 
as it comes down to a bearing. 
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Safety Practices with Loco- 


motive Cranes 


OCOMOTIVE cranes are both a safety device and a 

hazard, according to the National Safety Council, in 
one of its recent publications. One crane does the work 
of 50 men—48 men less to get hurt on the job—yet its 
use has been the cause of numerous fatalities which in 
most cases have been the result of violation of well-known 
safety rules. 

Accidents sometimes occur through material falling on 
men standing under the load. When an electric magnet is 
used for handling iron and steel there is always a possi- 
bility of the current failing and the load dropping and 
clam shell buckets used in handling ore, limestone and 
other loose materials, frequently drop large pieces. Stand- 
ing within swing of the boom is also hazardous. 

Most of the fatalities, however, occur when the victim 
is caught between the cab and the truck platform when the 
superstructure swings around. When this happens, the 
body of the unfortunate man is likely to be sheared in two. 
Usually the victim is at fault for placing himself in this 
When moving the load, the crane 
operator can not see the part of the crane where the dan- 
ger lies and does not know anything is wrong until the 
accident happens. 

Recently a device known as a “deck swipe” has been 
developed by the Oliver Iron Mining Co., Ironwood, Mich., 
to eliminate the shearing action when the superstructure 
swings around. The deck swipe consists of a piece of steel 
plate reinforced with an angle iron and with a piece of 
steel pipe welded on the edge to give it a rounded effect. 
There is no shear point as the crane swings around and a 
man standing on a sill step or on the ground beside the 
truck would be pushed out of the way and serious injury 
avoided. The hole in the middle of the deck swipe serves 
as a step when the crane is in the traveling position. 

No mechanical substitute exists for education and dis- 
cipline of employes entrusted with the operation of cranes. 
Members of the National Safety Council have placed spe- 
cial emphasis on this factor in locomotive crane safety. 
Making it difficult to ride or climb on the crane frame by 
removing all grab irons and sill steps is a simple but effec- 
tive safety measure employed by several members of the 
National Safety Council. The only steps on the crane 
should be those used for access to the cab. The sill steps 
at each corner of the truck are only an invitation for the 
men to catch a ride. Outriggers and track clamps to pre- 
vent cranes from overturning are invariably endorsed by 
safety engineers. 


IN LAYING OUT piping, every care should be taken to 
avoid air pockets, which are a common source of annoy- 
ance. A suction line should gradually rise from the source 
of supply to the pump, so that there will be no part of the 
piping in which air can collect. An air pocket in the 
suction line invariably causes the pump to lose its water 
without any apparent reason. When the pump is origin- 
ally primed, the suction line may be completely filled with 
water and thus no air pocket exists but during the opera- 
tion of the pump small quantities of air will separate out 
of the water and gradually collect until the air pocket is 
filled, which will cause the pump to lose its water. 
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The Steam Engine as a Stoker Drive 


Stow SPEED, ContiNvous RANGE AND AUTOMATIC TORQUE-SPEED 
ADJUSTMENT ARE AMONG THE DESIRABLE CHARACTERISTICS 


F ALL the auxiliaries required in the modern power 

plant, probably that used for driving stokers is sub- 
jected to the hardest service and has to meet the most 
exacting requirements. In general, two methods of drive 
may be employed; prime movers and secondary sources of 
power. Where a prime mover is to be used, the simple 
steam engine has been found eminently satisfactory and is 
used in the great majority of plants. 
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TOTALLY ENCLOSED ENGINE AFFORDS PROTECTION 
FROM DUST AND DIRT IN THE BOILER ROOM 


Fig. 1. 


Among the principal desirable characteristics of any 
stoker drive are wide and continuous speed range, power 
flexibility, durability, adaptability to various forms of 
stoker connections and methods of speed control, low in- 
stallation, maintenance and operating costs and small space 
requirements. 


SPEED AND PoWER FLEXIBILITY ARE DESIRABLE 


Except on boiler and stoker combinations, carrying 
constant base loads, there is a continual fluctuation in the 
demand for steam. To maintain a constant pressure and 
w avoid unnecessary popping of the safety valve the rate 
of firing should correspond closely with the steam flow. 
If, then, the highest possible over-all efficiency is to be 
obtained, the stoker speed should be variable and the range 
should be continuous from the minimum to the maximum. 

With selective gears and a constant speed drive a num- 
ber of definite speeds may be obtained and the range may 
be more or less continuous, if the drive has a certain speed 
flexibility. If special variable speed transmission devices 
are employed, a continuous range of speed may be obtained 
with a constant speed drive. These various combinations 


find a wide application in many kinds of service but they 
introduce, nevertheless, certain complications. 





Where a steam engine drive is employed, a continuous 
speed range is available as this is one of the inherent char- 
acteristics of this type of prime mover. With the right 
kind of throttle control, the steam engine is capable of 
handling a constant torque at any speed or over any range 
of speeds up to the maximum and of automatically adjust- 
ing itself to unusual conditions or to unexpected peak 
loads. 

Unlike almost every other power plant auxiliary, except 
perhaps coal and ash conveyors, the power requirements for 
a contemplated stoker installation cannot be accurately 
foretold for various conditions of operation. The matter 
of proportioning the engine capacity is then largely one of 
experience and is not subject to mathematical precision. 
The torque or force required to actuate either an overfeed 
or chain grate stoker is ‘largely determined by the friction 
in the stoker itself and is not materially increased when 
the apparatus is handling coal at its maximum capacity. 


’ On the other hand the force required to operate an under- 


feed stoker is largely that required to overcome the resist- 
ance of the coal to being pushed into the retorts. In either 
case this force can not well be determined except by trial 
under actual operating conditions. 

In the case of motor drives this necessitates consider- 
able experimenting with resistance grids. With the steam 
engine any required torque may be obtained, up to the 
maximum. It is essential, of course, to select an engine 








TRUNK TYPE ENGINE APPLIED TO AN UNDERFEED 
STOKER 


FIG. 2. 


that will be able to develop the maximum torque necessary 
and this is a matter for the judgment and experience of 
the designer. As a matter of fact the engine selected is 
usually considerably oversized to insure ample torque with 
low boiler pressure. 


PROPERLY DESIGNED ENGINE Has.a Lone LiFe 

Obviously, durability is a desirable characteristic of 
any piece of power plant equipment but it becomes of much 
greater importance where the apparatus is subjected to 
hard wear and is of particular significance in stoker drives. 
The stoker engine, exposed as it is to the usual dust and 
dirt in the boiler room, must be built to withstand these 
conditions and to hold up in this trying environment. To 
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this end all wearing parts should be amply proportioned, 
well protected and well lubricated. Bearing pressures must 
be kept at a minimum consistent with a reasonable first 
cost. Further, the engine should be as simple and as ele- 
mentary as possible, All unnecessary auxiliaries should 
be eliminated. Every accessory simply adds to the liability 
of failure, consequently their use should be limited. While 
these auxiliaries may, in the case of the ordinary engine, 
add to the efficiency, they defeat their purpose when ap- 
plied to stoker engines. Most engines built for -stoker 
drive are, for this reason stripped down to the fundamental 
elements. 

Ample protection is probably the best insurance against 
rapid wear and short life. Other factors being equal, the 
engine which has entirely enclosed bearings, crank, con- 
necting rod, piston rod and valve mechanism is best suited 
for use in any boiler room, even the cleanest. 


Low Sprerep SIMPLIFIES GEARING 


Stokers are, of necessity, extremely slow moving pieces 
of equipment and, except in the case of certain types of 
underfeeds operated periodically by a direct ram, require 
the use of some kind of speed reducing gearing between 
the direct shaft and the prime movers. Of the several 
types of motive power available, the steam engine has the 
lowest speed compatible with good economy and, therefore, 
requires the least speed reduction, only a spur gear com- 
bination or single worm gear. The maximum speed of a 
chain grate stoker, for instance is of the order of 3 to 12 
in. per min. corresponding to from about +g to 14 r.p.m. 
of the sprocket shaft. To reduce to this speed from the 
ordinary maximum speed of the engine, requires only a 
simple chain of spur gears. 


ENGINE Is ReapILy ADAPTABLE TO VARIOUS ForMs 
oF CONTROL 

To obtain the utmost in overall boiler, furnace and 
grate efficiency, it is essential that the stoker speed be 
closely correlated with the load. This is done by means 
of some form of control actuated either by steam pressure, 
steam flow or furnace draft. Opinions differ as to which 
is best adapted for the purpose but the point is that some 
form of automatic control is highly desirable. In order 
that a control be effective, it is, of course, necessary that 
the motive power driving the stoker be readily susceptible 
to the influence which the control may exert. In the case 
of the steam engine drive this speed control may readily 
be obtained by the use of a simple throttling governor 
actuated by any of the several means mentioned. 


Costs ARE COMPARATIVELY Low 


Installation cost of a steam engine drive is relatively 
low, owing to the comparative simplicity of. the construc- 
tion and the lack of necessity for large speed reductions. 
As to maintenance and operating costs much depends 
on the personnel of the operating staff. Slovenly methods 
and lack of interest on the part of the crew will mean 
high costs no matter what the design may be. Other things 
being equal, however, the sturdy, well inclosed engine will 
require but little maintenance, 

The ability to anticipate trouble is an item of con- 
siderable importance in keeping down maintenance costs. 
This means of course frequent inspections and familiarity 
with the apparatus. With the steam engine abnormal 
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operation, knocks and unusual noises are comparatively 
easy to detect and prolonged and costly shut-downs may 
be avoided if prompt attention is given to every indicatibn 
of faulty operation. : 

Operating costs will embrace such items as ‘steam con- 
sumption, lubrication and attendance. Steam consumption 
of the engine under various conditions of operation miy, 
obviously, whatever the steam consumption 'of a new ‘uttits! 
increase with time and wear, the rate of increase deperidine’ 
on:the care exercised in operation and maiitéenaneé Yiid’ 
the design and construction of the unit. The steantléri 
gine will however, give a satisfactory performance in: this 
respect. ts 

Adequate lubrication is of prime importance in“‘pro- 
longing the life and maintaining the operating efficiency’ 
of any piece of machinery. Money effectively spent on 
this item will be well repaid in increased operating 
economy and reduced maintenance and depreciation costs. 
If the correct grade of lubricant for the purpose “is. aused 
and if it is properly applied, appreciable savings may "be 
effected. 





FIG. 3. DIRECT ACTING PLUNGERS FOR UNDERFEED SERVIGE 


Ordinarily the question of attendance is given a place 
of secondary importance in the installation of stoker 
drives, hence the necessity for rugged construction and 
adequate protection from dust and dirt. Were the usual 
attendance of a higher order more delicate and more effi- 
cient drives might well be used. Being what it is and not 
easily susceptible to change, the better engines for this 
purpose are usually so constructed as to be as little in- 
fluenced as possible by the human element in operation. 

Usually space is at a premium in the boiler room, con- 
sequently it is desirable that the space requirements of all 
auxiliary apparatus, including the stoker drive, be as 
small as possible. Owing to the absence of a long train of 
reducing gears necessary with high speed drives the steam 
engine, especially the vertical type most frequently used, 
is ideal in this respect. Even when located on the boiler 
roem floor immediately adjacent to the stoker, it will not 
ordinarily be in the way but, if this space is needed for 
some other purpose, the engine may readily be mounted 
either in the basement under the stoker or on a plat- 
form above the operating level and the stoker may be 
driven by means of a belt or a chain and sprocket arrange- 
ment. 

In determining the. engine capacity that should be used 
on any given stoker installation, the most important fac- 
tors that must be taken into consideration are the type of 
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stoker used, the grate area and the rate of travel. As has 
been said it is a rather difficult matter to predict the power 
requirements of an installation with any degree of 
accuracy but there are certain average values available 
which may serve as a basis for an estimate. 

Ordinarily the power requirements for underfeed 
stokers will amount to from 0.3 to 0.5 hp. per retort, de- 
pending, of course, on the size of the retort, the kind of 
coal to be used, and the number of strokes per minute. 
Multiple retort stokers are fitted with engines up to 15 and 
20 hp. depending on the number and length of retorts and 
the overload capacity desired. 

Chain grate stokers ordinarily require from 2 to 10 
hp. engine capacity. Usually, however, owing to the neces- 
sity of operating at times with low steam pressure, engines 
of capacity greater than that normally required are used. 
One boiler manufacturer makes it a practice to install en- 








VERTICAL ENGINES DRIVE CHAIN GRATE STOKERS 
THROUGH LINE SHAFTING UNDER THE FLOOR 


FIG. 4. 


gines that will develop approximately 1.6 hp. for every 
100 sq. ft. of aggregate grate surface served. 

Ordinarily the limits of engine capacity are governed 
by the general design of the boiler room although it is 
usually customary to serve not more than from 800 to 
1000 sq. ft. of stoker grate surface from any one engine. 
In other words, a 16-hp. engine is about the maximum 
size that is ordinarily used for this service. 

In what might be called a typical or representative in- 
stallation, one 5 by 6-in. engine operating on 150 Ib. boiler 
pressure drives, through a line shaft under the boiler room 
floor, the chain grate stokers on three 520-hp. and one 250- 
hp. boilers operated at rating. This arrangement is ca- 
pable of handling considerable overload and at the point 
where the engine is developing its rated capacity the out- 
put amounts to from 0.25 to 0.30 of 1 per cent of the 
boiler capacity. Steam consumption may amount to ap- 
proximately 0.60 of 1 per cent of the total generated but 
for the best engines may be as low as 0.45 of 1 per cent of 
the total generated. 

While it is true that by far the greater number of 
stoker engines operate on saturated steam, they have been 
used successfully with superheated steam at pressures up 
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to as high as 250 lb. As long as the total temperature is 
not excessive, little difficulty is to be expected and such 
engines have been operated successfully on total steam 
temperatures as high as 600 deg. F. 

In the smaller industrial and central station plants 
having the boiler capacity divided into comparatively small 
units, it will be found common practice to have one engine 
drive a number of stokers by means of a line shaft. Where 
the arrangement is such that any stoker may be driven 
from any engine, greater economy and greater reliability 
result. Where the individual boiler units are of such size 
that it is more economical to use an engine for each stoker 
there is some sacrifice of reliability, unless each unit is 
provided with a standby source of power or the plant is 
equipped with an extra engine that can be connected up 
to any stoker in case of an emergency. In one industrial 
plant now under construction, where each stoker has a 
separate engine, the management has provided an extra 
unit, mounted on a truck which can be connected up 
through flexible steam couplings to the steam supply and 
by means of a belt to the stoker shaft on extremely short 
notice. By this means the boiler unit can carry over the 
peak load until such time as it can be taken off the line for 
repairs. 


Removing Cast Iron Pulleys 
by Breaking 


By W. F. ScHAPHORST 


N CONVERSATION with a master mechanic not long 
ago regarding power transmission matters, I was inter- 
ested in hearing him say that he has often found it cheaper 
to break off a cast-iron pulley when removing it than to go 
to the expense and trouble of removing the shaft and a 
number of other pulleys and possibly find it necessary to 
remove one of the hangers themselves in order to get the 
pulley off. 

He said that he finds no difficulty in breaking off the 
rim and the arms, but he sometimes has a little trouble in 
breaking the hub; two men, however, can usually do the 
work in a short time. One of the men holds an anvil 
against the pulley at the top, while the other man does the 
striking from the bottom. In that way there is no danger 
of springing or otherwise harming the shaft and it is 
easier to apply considerable pressure against the shaft by 
means of the anvil from the top than from the bottom. 


ALL THE stuffing-boxes subject to a vacuum on centrifu- 
gal pumps should be piped up for water seal to prevent 
air from leaking into the pump. This applies to both stuf- 
fing-boxes on double suction pumps and also on multi- 
stage pumps equipped with balancing pipe between suction 
and discharge side. On multi-stage pumps, without a bal- 
ancing pipe, it is only necessary to water seal the suction 
stuffing-box. The water used for sealing should be clear, 
free from grit and sand, and if the pump is handling clear 
water, the connection to the stuffing-boxes may be made 
from the volute of a double suction pump or from the first 
stage of a multi-stage pump. If the pressure is high, a 
valve should be placed in the pipe connection to throttle 
down the pressure. Stuffing-boxes under pressure do not 
require any water seal. 
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Use of Diesel Engines in Power Plants 


CONSIDERATIONS AFFECTING THE ADAPTABILITY OF THE DIESEL ENGINE. 
PRESENTED BEForRE THE N. A. S. E. Convention By Louis R. Forp* 


S COMPARED with the steam engine the Diesel 
engine is actually more simple. It appears more com- 
plicated because all of the accessory equipment needed for 
its operation is included in the engine structure. If all of 
the equipment required to operate the steam engine, includ- 
ing boilers, condensers, feed pumps, heaters, air pumps, 
feed tanks, separators, gages, steam traps, superheaters, 
etc. were included in the engine structure it would make a 
weird and complicated appearance beside which the Diesel 
engine would be the acme of severe simplicity. 

One important difference in the operating characteris- 
tics of the Diesel engine and the steam engine is that the 
steam engine economy is greatest in the large units and as 
the size decreases the pounds of fuel consumed per horse- 
power increases, while the economy of the Diesel engine is 
constant over practically the whole range of sizes, the small 
engine being practically as economical as the large one. 
Considering the economic results obtained from large 
steam turbine units and the comparatively small power it 
is now possible to produce in a single Diesel engine unit, 
it is evident that for use in great central power stations 
that serve the more densely populated sections the Diesel 
engine is not competitive with the steam turbine. These 
huge plants with single units of 30,000 kw. or more capac- 
ity are impressive because of their size but their relative 
importance is revealed by an analysis of the power situa- 
tion throughout the U. S. 

Recently a survey of the power field showed that the 
total stationary power generated in this country is over 
50,000,000 hp. of which 61 per cent is produced in steam 
engines, 25 per cent from water power and 14 per cent in 
internal combustion engines. This comparatively small 
per cent of internal combustion engine power is rapidly 


increasing, due to several factors, among which are the- 


increasing reliability and simplicity of the engines and the 
availability of fuel oil. The predominant factor in the 
petroleum industry is the production of gasoline for use in 
automobiles and as long as the huge demand for gasoline 


exists there will be plenty of fuel oil available, because with - 


every gallon of gasoline that is produced we get 2 gal. of 
fuel oil. 

If we analyze this power situation we find that, leaving 
out the comparatively few large central power plants, the 
vast bulk of our 50,000,000 hp. is produced in plants that 
average 100 hp. and throughout the country the genera- 
tion of power for manufacturing plants by the plants them- 
selves is a problem of small power plants. It is the big 
plant that gets the publicity but it is the small plant that 
supports American industry. 


Digset Is Most CompeEtitivE iN SMALL PLANTS 

It is in these small plants that the Diesel engine is 
most competitive because no amount of heat saving devices 
added to the small steam engine will make it as economical 
as the Diesel. This increase in superiority of the Diesel 
over the steam engine as the size of plant gets smaller is 
the reason why, for every power plant in existence, there is 


*Consulting Engineer 


some definite size below which it is more economical to use 
Diesel engines and above which it is more economical to 
use steam. This size is, however, by no means the same 
for every plant. It may vary over as wide a range as 20 
hp. to 5000 hp., depending on various factors, such as 
location, cost of fuel in that locality, necessity for process 
steam in manufacturing and various other circumstances 
that may affect the operation of any one particular plant. 
The only way, then, to determine where the dividing line 
between steam and Diesel power lies is to analyze each 
separate plant and the conditions under which it operates. 

For any one power rating the costs of the steam plant 
and Diesel plant should be tabulated, including purchase 
price of all machinery, cost of buildings, cost of installa- 
tion, insurance and depreciation. This will determine the 
fixed charges. In fixing a figure for depreciation the mis- 
take of ‘assuming shorter useful life for the Diesel engine 
than for the steam should not be made. Diesel engines 
have not been in general use long enough to establish just 
what the life of such an engine will be but it is pretty 
definitely established that it will not be shorter lived than 
the steam engine. 

In most cases it will be found that the Diesel engine 
costs more than the steam plant and its fixed charges will 
be higher. Operating costs will be determined by tabula- 
tion of wages, cost of repairs, cost of lubricating oil and 
fuel. Such analysis, reduced to terms of cost per year per 
horsepower produced will show in each case that there is 
some size below which the balance is in favor of the Diesel 
and above which it is in favor of the steam plant. 

In most cases it will be found that the cost of fuel in 
the particular locality under consideration will be the con- 
trolling factor. This analysis will also bring out the inter- 
esting fact that in many cases where the Diesel fuel is 
much higher in price than boiler fuel the use of the Diesel 
engine will still show a saving because of its much greater 
efficiency. 

History of Diesel engine operation is full of tales of 
harrowing experiences that have fallen to the lot of engi- 
neers who “tried to make the thing run.” These experi- 
ences have arisen from various causes, among which are 
the engines themselves, peculiar local conditions or cir- 
cumstances and, sometimes, unfamiliarity of the engineers 
with the engines. 

Any gathering of engineers will bring forth a number 
of such narratives but it is equally true that nearly every 
engineer of long experience can talk interestingly of the 
“grief” he has had at times with steam machinery. In 
general, however, the record of operation of a Diesel engine 
plant is one of satisfactory service under conditions made 
more pleasant by the absence of many of the annoyances 
necessarily associated with the steam plant. The Diesel 
engine lends itself readily to the bettering of working con- 
ditions and the production of attractive appearance in the 
engine room. 

Perhaps the most important single factor in successful 
Diesel engine operation is the establishment and mainte- 
nance of an operating routine. The ideal plant is one in 
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which there are enough units to keep one or more in 
reserve. This permits all routine repairs, examinations 
and cleaning to be made at fixed intervals, without the 
necessity for hurrying or leaving some of the work uncom- 
pleted in order to keep the engines running. Correct and 
efficient performance is quickly affected by the condition 
of the cylinder head valves and these should be examined 
at regular intervals. The exhaust valves have a severe 
duty to perform as they operate often at a red heat, must 
pass hot gases at high velocity and are subject to the cut- 
ting action of any gritty material that may be carried in 
the exhaust gas. 

Fuel injection valves operate under less severe heat 
conditions but they are subjected to high air and oil pres- 
sure, must be perfectly tight and must open and close with 
accuracy and precision, The air intake valves operate 
under the least severe conditions. They are subjected to 
the heat and pressure in the working cylinders but on each 

. suction stroke they are cooled by the inflowing cool, clean 
air. 

It is the practice of some engine builders to make the 
intake and exhaust valves duplicates of each other. If it 
becomes necessary at any time to renew a valve it is always 
put in the inlet cage and the inlet valve moved to the 
exhaust cage. This permits gradual seasoning of a valve 
before it is used for exhaust and reduces the liability to 
warping.. The plant routine should provide for removing 
all valves at regular intervals for examination, cleaning 
and any retouching that may be needed. If the plant de- 
mands are such that the engine cannot be shut down long 
enough to do this a complete set of spare valves should be 
carried. It requires only a short time then to shut down, 
remove the valves and install the spare set. The valves 
that have been removed can then be gone over carefully at 
leisure, put in good condition and put away for spares. 


MEASUREMENTS SHOULD BE Mape For WEAR 

At regular intervals the pistons should be drawn for 
examination of cylinders, pistons and rings. Measure- 
ments-should be made for wear and an inspection should 
be made for signs of leakage past the rings. It is obvious 
that this examination need not be made every time the 
valves are overhauled. Experience is the best guide as to 
the frequency of such examinations but it is important 
that they be made according to a routine schedule. 

Routine inspections should always include a careful 
check up on the interior of housings and crank cases for 
loose bolts and nuts; inspection of oil piping and water 
piping for leaks; repacking of valve stems where required ; 
examination of air compressor pistons, cylinders and 
valves; and the examination of fuel measuring pumps and 
of bearings. It should be borne in mind that while a 
bearing that is too tight will quickly make its condition 
known a bearing that is loose may give no indication of 
this looseness, particularly when forced feed lubrication is 
used. If enough oil is fed into the bearings the pounding 
expected from a loose bearing will be prevented by the 
cushioning effect of the oil but there may be enough slack 
to reduce the compression in the cylinders. 


Loss of compression from this or other possible causes 
cannot be definitely determined without the use of an 
indicator. The fact that many Diesel engines have run for 
years without having an indicator put on them does not 
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make it any less true that the best operation cannot be 
expected unless the plant equipment includes at least one 
good indicator. The economy of the Diesel engine is 
directly affected by the compression and the valve timing. 
Any departure from the right adjustment can be deter- 
mined only by taking indicator cards. ; 

Many tests and experiments incident to the develop- 
ment of the Diesel engine have shown its ability to operate 
with an amazing variety of fuels, including the range of 
petroleum from kerosene to heaviest known crudes. An 
exploring expedition now in the Arctic is using an oil 
engine operating on whale oil, there are engines in China 
operating on palm oil and in Germany extensive use of 
tar oil is necessitated by the high price of petroleum. The 
use of these special oils involves special treatment or appa- 
ratus and is thus far confined to localities where the stand- 
ard Diesel is not available. This standard oil is a petro- 
leum distillate the gravity of which is somewhere in the 
range 24 to 30 deg. Bé. and is readily available throughout 
the U. S. With such oil the best operating condition, so 
far as the fuel is concerned, is obtained because no condi- 
tioning apparatus is required and no specia) precautions 
as to stopping and starting are involved. There is, how- 
ever, a steadily increasing trend toward the use of boiler 
fuel oil in Diesel engines because of its lower price and 
world wide availability. This oil is of 12 to 16 deg. Bé. 
and requires some heating to reduce its viscosity enough 
to permit it to be readily handled by the fuel measuring 
pumps. In plants where steam is available this heating 
requirement presents no difficulty. 

It is found, however, that the wear of cylinder liners 
and piston rings is more rapid with this oil because of its 
ash content. In the latest marine installations this trouble 
due to ash content has been reduced by passing the fuel 
oil, while hot, through centrifugal separators and thus 
removing most of the ash forming solids. 


. Accorpine To R. F. Jones, writing for the Leather 
Belting Exchange Foundation, belt creep, which, with true 
slip, makes up the total combined slip of a belt, is the 
direct result of the elasticity of the belting material. All 
materials have this property of elasticity, hence it is im- 
possible to make a belt that will not creep. Although the 
use of special pulley coverings or belt dressing may in- 
crease the carrying capacity of a belt, it is impossible to 
eliminate creep by this means. Normally the loss due to 
creep will probably not exceed 15 per cent and this is offset 
by the effect of an elastic medium between the source of 
power and the point where it is used. 

True slip, on the other hand, is not due to elastic 
action and is preventable by increasing the initial tension, 
or reducing the belt torque. 


THERE WERE four states in the Union that registered 
in excess of one million automobiles during 1923. 

Of the 1,093,660 autos registered in California, only 
43,395 were commercial cars. 

Of the 1,214,090 autos registered in New York, 247,974 
were commercial cars. 

Of the 1,072,750 autos registered in Ohio, 147,918 were 
commercial cars. 

Of the 1,064,625 autos registered in Pennsylvania, 
164,928 were commercial cars. 
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Examples of Power Factor Improvement 


DEscRIBING THREE PRACTICAL WAyYs OF STRENGTHENING POWER 
Factor IN INpustTRIAL Puants. By Morgan G. FARRELL 


AY “power factor” to a layman and he will give you a 
blank stare. Try to explain it and his attention will 
wander out the window. If he happens to be a works 
manager he will try to understand what and why it is and 
how it can be regulated. His hard-working electrician has 
probably told him the same thing frequently, without creat- 
ing much interest. The probable result of your explana- 
tion will be that he will take your word for it and tell you 
to “go ahead and fix it up.” 

It is safe to say that, in one out of every two motorized 
manufacturing plants, the power factor is far below good 
practice, and that nobody in the plant knows what it is 
in plain figures. Textile mills are special offenders in this 
regard, on account of the large percentage of individual- 
drive machines. ‘These small motors have to be large 
enough to start, say, a 300-spindle frame under load. But 
the running power requirement is considerably less,. fluc- 
tuating upward and downward as the spools are wound 
full and doffed to make way for empty ones. Induction 
motors running at less than full load tend to lower the 
power factor. Hence the cumulative effect of several hun- 
dred frame-motors running at half load will seriously 
affect the factor for the plant as a whole. 

The same is true of planing-mills for example. A large 
planer whose maximum duty is to face four sides of a 
2 by 12-in. hard pine plank at one operation, must be fitted 
with a 35 to 50-hp. motor. Under run-of-the mill con- 
ditions, it may be working on 1 by 8-in. boards or small 
timber or facing one side only, in which case the motor is 
running much below rating and the power factor is low. 

Group-drive motors, as in machine shops are more 
likely to be run-near capacity much of the time, since their 
size is determined by the average load percentage of the 
group of tools driven by them. Still other processes make 
a nearly even full-load demand upon the motors, as cement 
and chemical mills or continuous operations upon uniform 
material as box-board and paper mills. In such cases the 
power factor is likely to be reasonably high. 


GraPHio DEFINITION oF Power Factor 

While many readers of Power Plant Engineering are 
thoroughly familiar with the causes and effects of low 
power factor it may not be amiss to recapitulate them 
briefly. 

Figure 1 illustrates graphically what power factor is. 
In an alternating current circuit the. current and voltage 
both pass from zero to positive maximum to zero to 


negative maximum and back to zero again—in each cycle. 
Sixty-cycle current means that this complete reversal 
takes place 60 times in a-second. 

The power or wattage is the product of the voltage and 
the component part of the current which is in phase with 
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FIG. 1, EFFECT OF LAGGING CURRENT ON POWER FACTOR 


it. If the load is a lighting circuit, that is one containing 
only resistance, the current and voltage are fully in phase. 
Maximum positive current and maximum positive voltage 
are simultaneous. 


But if there is inductance (as an induction motor) in 
the circuit, its effect is to force the current to lag behind 
the voltage so that the volts pass through positive 
maximum before the amperes do, in each cycle. A con- 
denser in the circuit has the opposite effect. It causes the 
current to lead the voltage. 


Referring to Fig. 1, OV is the positive maximum volt- 
age, say 220. OA is the positive maximum current, say 
10 amp. The two are in phase as in a pure resistance cir- 
cuit and the wattage is 220 10 = 2200. The direction 
of rotation being as indicated by the arrow, an inductive 
load would throw the current back of the voltage to the 
position OB. The component of OB effective for power is 
OC. That is the wattage is OC X OV. The other com- 
ponent, BC is called wattless current and is ineffective as 
power. If the inductive load is a motor requiring 2200 w. 
the power component of the current in phase with the volt- 
age must be OA, 10 amp. To produce such a component, 
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the positive maximum current which is lagging behind the 
positive maximum voltage is lagging behind the positive 
maximum voltage by the angle AOB, must automatically 
become OD, which scales 14.1 amp. That is, the generator 
must develop 14.1 amp. and the conductors must be large 
enough to carry them, although only 10 amp. are effective 
as power. 

The ratio of OA to OD is the power factor. In this 
instance it is 10 + 14.1 or .7. The effect is apparent. If 
the generator is rated at 2200 w., it must be overloaded 
41 per cent to produce that amount of effective power and 
the copper in the conductors to the motor must be in- 
creased. The General Electric Co’s. tables illustrate the 
copper increase necessary by showing that for a load re- 
quiring 1134 lb. of copper at 1.00 power factor, the copper 
must be increased to 2320 lb. at .70 power factor. The 
fuses and switches in the circuit must be increased in the 
same ratio. 

Now a condenser or synchronous motor (which acts 
like a condenser) in the circuit will cause the current to 
lead the voltage, say, by the angle AOE. If the condenser 
is alone in the circuit it will have the same net effect as 
the inductance, i. e., to reduce the power factor. If both 
condenser and inductance are in parallel in the same cir- 
cuit they will offset each other; if they are equal the lead 
effect of one will balance the lag of the other; the current 
will be in phase with the voltage, and the power factor 
will be 1.00. This is the principle of power factor cor- 
rection as in the following instances. 


INCREASING THE Factor BY A CONDENSER 

As a flagrant example of low power factor, here is 
the case of a silk-mill in Philadelphia. The plant was 
partly electrified. Current was supplied to the induction 
motors by a 1000-kv.a. high pressure steam turbo-genera- 
tor. The connected motor load was about 900 hp., the 
actual load from the recording watt-hour meter was 450 
kw. or 600 hp. The rest of the mill was driven by a 
Corliss engine and line shafting. 

During the construction of a new building in which 
all machines were to be electrified, it was decided to mo- 
torize fully the old plant. The power requirements were: 


Connected Average 


Load Load 
1. Old building (additional)... 720 480 
Sr MewAUAING: 25 d.6 cick sein 1100 800 


Motors were installed in the old building and con- 
nected up to the generator bus-bars. They were tested at 
night and operated successfully. The next morning when 
the mill was in full swing, the new motors were started 
and promptly kicked out the main generator circuit- 
breaker, The trip was re-adjusted to carry more overload 
and the attempt repeated with the same result. Again the 
overload limit was increased and again the breaker failed 
to hold. 

While the proposed load was being transferred back to 
the engine, an examination of the lines and connections 
was made by an electrical engineer who was hastily called. 
He reported all O. K. but announced that he wished to 
take some readings of current, voltage and wattage. His 
tests showed that the combined power factor of the plant 
as operated was .51. 
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At that power factor the 1000 kv.a. generator could 
deliver 510 kw. or 680 hp. approximately at full load 
capacity. The new running load was 600 + 480 = 1080 
hp. a 60 per cent overload. And of course the starting 
load was much greater. At .80 power factor the generator 


could have carried the 1080 hp. easily. 


Nothing was done about the situation at the time. The- 
Corliss continued to function and the new mill was com- 
pleted and equipped. It had been intended to operate the 
new building with public service current. The lines were 
accordingly brought in and all connections made. To all 
appearances the new mill was operating successfully. 

The first month’s bill changed the complexion of mat- 
ters. There was an item of $450 penalty for failure to 
maintain a power factor of .85 as provided in the contract. 

Again the engineer was called in to investigate and 
advise what should be done. He found that the power 
factor of the new mill was about the same as that of the 
old one. And he recommended that two synchronous con- 
densers of proper capacity be installed in the engine room, 
one to be floated in the turbo-generator circuit and one in 
the public service. 

His report was read at a meeting of the company’s 
officers. The president who knew a great deal about mak- 
ing silk but very little about making current spoke up: 

“How much are these two machines going to cost?” 

“Six thousand dollars—$3000 apiece set up and con- 
nected.” 

“Why do we need them?” 

“To raise your power factor.” 

“Power factor! What is that?” 

The engineer explained that induction motors had the 
same effect on the output of a generator as a leaky piston 
had upon the delivery of water by a pump. The flow 
lagged behind the pressure, because part of the pressure 
of the piston was applied to forcing some of the water back 
of the piston instead of into the pipes. The ratio of the 
water the pump delivered to the water it should have 
delivered was power factor of the pump. The synchronous 
condenser had somewhat the same effect as fitting an air- 
chamber to the pump. It stored up flow during the pump 
stroke and released it at the end of the stroke. (It was 
a crude simile but at least understandable. ) 

“Well, what work does the condenser do?” 

“What do you mean, I told you what it does.” 

“T mean what does it drive?” 

“Nothing; it just runs.” 

“You mean to say we spend $6000 for something that 
just runs. Nothing doing.” 

The engineer did some quick mental arithmetic. The 
first floor head-shaft was just outside the engine room. He 
would split the head-shaft and drive each half with one of 
the condensers. Each was good for 75 hp. of mechanical 
work without greatly impairing its main purpose. He 
explained this to the president, who was satisfied that he 
was getting something for nothing and authorized the pur- 
chase. The motors purchased for the first floor were 


turned in to apply on the cost of the condensers. . 

The final over-all power factor with the condensers in 
operation was slightly over .85. In dollars and cents the 
balance was as follows: 
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2 Synchronous condensers @ $6000. 

Saving in penalty payments per annum....$ 5,400.00 
Saving in purchased power by bringing the gen- 

erator up to rating; 3000 kw.-hr. a day at 


21% cents = $75 a day. In one year 22,500.00 


$27,900.00 


“The whole cost of installing the condensers was therefore 
recovered in three months. Thereafter they earned very 
substantial dividends. 


A FLoating SyncHRoNnous Motor 

Another interesting instance of the use of the syn- 
chronous motor principle to increase power factor while 
performing useful work is also drawn from the textile in- 
dustry. The plant is a cotton mill in the Rhode Island- 
Massachusetts district. While the new cotton-mills in the 
South are electrified as a matter of course, since the high 
tension distribution of power has been highly developed 
in that section, the New England mills are being converted 
only gradually and the system of motor drive has not been 
standardized. 

In the preparatory department containing the breakers, 
pickers, cards and lappers the group drive is used almost 
exclusively. The roving, spinning and twisting frames are 
driven (a) by individual motors, (b) by special motors 
belted to four frames each or (c) by single motors driv- 
ing larger groups through line shafting. There is a great 
variation in the size of the group-drive motors and the 
number of frames to which they furnished power. One 
hundred horsepower motors are not uncommon. 


The same is true of the looms. A single weave shed 
may contain 2500 looms in a fairly large mill. The cost 
of fitting so many looms out with individual motors is so 
great (probably $250,000) that the group drive is almost 
universally used. 

For this reason the power factor condition is not as 
bad as in the silk-mill in our first illustration. But it is 
bad enough, ranging, generally between .50 and .60. 

A visitor who knows something about the subject 
entered the engine room of the cotton-mill in point and 
happened to glance at the power-factor indicator on the 
switchboard. It registered 1.00. He remarked to the 
superintendent who was showing him around that the indi- 
cator did not seem to be working. 

“Oh, yes, it is,” replied the superintendent, “we always 
keep it at or near 1.00.” 

This is the way it was done. There were two mill 
groups almost identical in size and each complete in 
itself. One was mechanically driven through line-shafting 
by a cross-compound Corliss engine of 1500 hp. The other 
group had been motorized, current being supplied by a 
high-pressure turbo-generator of about the same capacity. 
Of course, induction motors were used exclusively. As 
originally installed the power factor had been .625, and 
the generator could barely carry the load. The installa- 
tion of additional equipment in both mill groups called 
for either more power or an increase of efficiency which 
would enlarge the capacity of the existing units. The Cor- 
liss was loaded to the limit so the possibilities were lim- 
ited to the turbo-generator. 

The manager of the company which owned the mill, 
had some knowledge of electrical equipment, besides being 
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possessed of unusual mechanical ingenuity. He devised 
the scheme shown on the sketch, Fig. 2. 

After laying it out he submitted it to representatives 
of several manufacturers of electrical equipment who 
unanimously advised him that it could not be done. 

So he went ahead and did it. 

He purchased a 700-hp. synchronous motor and set it 
up as shown. It was belted through a counter to the head 
shaft driven by the Corliss engine. It was wired to the 
same bus-bars as the turbo-generator, as shown in Fig. 2. 

The principle is this: As a synchronous motor floating 
in the line it serves to increase the power factor of the 
whole electrical system to 1.00 or thereabouts. If the 
Corliss cannot quite carry any temporary increase in the 
load in Mill No. 1 the motor draws current from the turbo- 
generator and delivers mechanical power to the head shaft, 
automatically making up the deficiency. 

On the other hand, it sometimes happens that Mill No. 
1 is running light while Mill No. 2 is drawing heavily on 
the generator. In that event the motor becomes a gen- 
erator driven by the Corliss and supplies additional cur- 
rent to the bus-bars as needed. Besides it serves as a sort 
of emergency break down unit in case either prime-mover 
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FIG. 2, FLOATING A SYNCHRONOUS MOTOR BETWEEN AN 
ENGINE AND A TURBO-GENERATOR 


goes out of commission, as has happened several times. 
Instead of one mill unit being entirely shut down, it has 
only been necessary to select certain sections of each for 
curtailment, so that rush or special orders could be gotten 
out. 

The motor, therefore, served a fourfold purpose: 


(a) As an auxiliary to the steam engine, 

(b) As an auxiliary to the turbo-generator, 

(c) As a power-factor booster, 

(d) As an emergency power unit for either mill. 


ANOTHER EXAMPLE 

In industries other than the textile, it is often possible 
to find applications for a sufficient aggregate horsepower 
of synchronous motors in the main and auxiliary processes 
to obtain the necessary power factor correction without 
going to the expense of purchasing extra equipment. 

The planing mill referred to, in the early part of this 
article is a case in point. It was one of the departments 
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in a plant devoted. to the manufacture of road-builders 
equipment: wagons, scrapers, trench-diggers, etc. When 
the plant was motorized the distribution of the connected 
load was as follows: 





eee eer rer reer ere 215 hp. 
Di UE GE ik knew bso seeded seddusees 390 “ 
SEY bedoncncae sede sense tonaces 72 * 
4, Assembling and finishing............ 100 “ 
5. Elevators and miscellaneous.......... ai 

PE uictis pt csr adncstddhasbennee 870 “ 


Of these the machine shop load was constant and ap- 
proximated full load; the elevators were nearly always 
operated at full load. So was the foundry where the motors 
were on the cranes and blowers. The planing mill and 
assembling room demand, on the other hand, was seldom 
over one-half the connected load; generally it was one- 
third. The resultant power factor was .70. 

This was hardly low enough to justify additional equip- 
ment to increase it. Tests and calculations developed that 
ahout 80 hp. of synchronous motors would correct the 
power factor to .90. The only possible applications for 
synchronous motors were the exhaust fans in the planing 
mill and the blower in the foundry. The former required 
two 35-hp. motors and the latter a 40-hp. motor. The 
foundry blower was operated about 4 hr. a day. 

When it was running the power factor was .95 and 
when it was idle the factor dropped to .85 which was a 
satisfactory average figure. 

Synchronous motors are built for self-starting by means 
of squirrel-cage induction bars set in the faces of the 
poles. This means that they can be started under 15 to 
25 per cent of full load only. Therefore they cannot be 
’ ased on machines which must start under full load, nor on 
those requiring variable speeds or frequent starting an 
stopping. ; 

Moreover, the friction load of line-shafting is generally 
over 25 per cent of the full load, so that a synchronous 
motor used for this purpose must be provided with a clutch 
to allow the motor to reach full running speed before the 
load is thrown on. 

These motors can be used to drive pieces of apparatus 
whose load is proportional to the speed, as fans and 
blowers; or for those which can be unloaded during start- 
ing by means of bypasses, as compressors and pumps. 
Again, they can be connected to machines which would 
naturally start light as grinding mills of various kinds, 
roll-stands for rolling rods and the like, rock-crushers, 
paper and pulp macerators, ete., and of course they can be 
used for operating other electrical apparatus as motor- 
generator sets and converters. 

In actual operation synchronous motors often show a 
greater efficiency than induction motors. Therefore, while 
the starting is somewhat more complicated than for induc- 
tion motors, they may be used with the assurance that they 
can compete with squirrel cage motors from the efficiency 
standpoint. 


Correction Note. In listing the equipment used in 
the new power plant of the Crossett Lumber Co., on page 
789, August 1 issue, an error was made in connection with 
the safety valves. These were Consolidated safety valves 
furnished by Manning, Maxwell & Moore, Inc. 
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Developed and Potential Water 
Power of the U. S8., 1924 


E GEOLOGICAL Survey, Department of the Inte- 
rior, has just brought up to date its record of developed 
water power in the United States, which shows that there 
are now about 3211 water-power plants of 100 hp. or more, 
having a total installed capacity of 9,086,958 hp., an in- 
crease of about 1,160,000 hp., or nearly 15 per cent over 
the total in 1921, which was 7,926,958 hp. Of the present 
total, 7,348,197 hp., or 81 per cent, is in 1390 public- 
utility plants and 1,738,161 hp., or 19 per cent, in 1821 
manufacturing plants. The corresponding percentages in 
1921 were 78 and 22. 

New York, with 1,542,983 hp., is still the leading State 
in developed water power, but California, with 1,451,830 
hp., is a close second. 

Water-power development in the New England, East 
North Central, West North Central, and Mountain States 
has not kept pace with that in other parts of the country, 
as the following table shows. 


PERCENTAGE OF TOTAL DEVELOPMENT IN UNITED STATES 








Division 1921 1924 
New England..... 16.5 15.3 
Middle Atlantic.... 18.7 19.1 
East North Central 9.3 9.1 
West North Central 5.6 5.1 
South Atlantic..... 13.6 14.3 
East South Central. 3.1 3.8 
West South Central 2 2 
Mountain ........ 10.4 9.7 
DOUG ck axs sarc 22.6 23.5 





PoTENTIAL.WATER POWER 
New estimates have been made of the potential water 


power resources of the United States, including Alaska, 
Porto Rico, and Hawaii, which it is physically feasible to 


develop under present conditions. Absence of market for - 


power and inability to obtain necessary legal rights will 
delay development but should not prevent it. Figures 
given in the estimates show the 24-hr. power available 
90 per cent of the time and 50 per cent of the time at 
70 per cent overall efficiency at both developed and unde- 
veloped sites. 

In many of the reports from which the data were taken 
the estimates of potential power include the use of stored 
water for generating power. For districts where reservoirs 
are already built or where detailed field examinations show 
that such storage is feasible, these estimates have been used. 
All plans filed with the Federal Power Commission by 
applicants for permits to develop power on Colorado River 
show that power development on this river will include 
the use of stored water. This estimate therefore assumes 
that stored water will be used to equalize as far as possible 
the flow of the Colorado River below the mouth of the 
Green River. The.estimate includes half of the potential 
power of the Niagara River and of the international section 
of St. Lawrence River, though an international agreement 
is necessary to permit the full use of these resources. 
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Washington stands first among the States in potential 
water power, for power available both 50 per cent of the 
time and 90 per cent of the time. She is followed closely, 
however, by Oregon, California and New York. A large 
proportion of the potential power in New York is available 


POTENTIAL WATER-POWER RESOURCES OF THE UNITED STATES 








Available 90 per Available 50 per 
cent of the time cent of the time 


Horse- Per  Horse- Per 

Division power Cent power Cent 
United States....... 34,818,000 100.00 55,030,000 100.00 
New England...... 998,000 2.87 1,978,000 3.60 


Middle Atlantic.... 4,317,000 12.40 5,688,000 10.35 
East North Central. 737,000 2.12 1,391,000 2.53 
West North Central. 871,000 2.50 1,844,000 3.35 
South Atlantic..... 2,476,000 11 4,464,000 8.11 
East South Central.. 1,011,000 2.90 2,004,000 3.64 
West South Central. 434,000 1.25 888,000 1.61 


Mountain ......... 10,736,000 30.83 15,513,000 28.19 
Paokhe Ghee eeessa xs 13,238,000 38.02 21,260,000 38.63 
Aladin 3s; Gabo fi45%5 1,000,000 2,500,000 
Porte BaG6 5544344. 19,000 28,000 
Hawele 6 t55s-edatt 100,000 200,000 





continuously, due to the equalization of the flow of Niagara 
and St. Lawrence Rivers. The same is true of Arizona, 
whose water-power resources are mainly on Colorado River, 
where the flow can be controlled. 
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RELATION OF PRESENT DEVELOPMENT TO FUTURE 
PossIBILITIES 


Percentage of the total potential power of the United 
States that has already been developed can be estimated 
only in a rough way. The capacity of water wheels at 
developed sites in Maine, New Hampshire, Vermont and 
Massachusetts amounts to 131 per cent of the power avail- 
able 50 per cent of the time at those sites. The wheel 
capacity in Massachusetts is nearly double the potential 
power for 50 per cent of the time at 70 per cent efficiency. 
A considerable percentage of the water power developed 
in these four States is used in industries where the power 
is required only 8 to 12 hr. a day, with pondage at the 
power plant sufficient to store the stream flow at ordinary 
stages when the plant is not operating. This condition 
results in a large overdevelopment of equipment in many 
plants. The developed sites in Canada from coast to coast 
have an average wheel installation 30 per cent greater than 
the power available during the six months of greatest flow. 
It will be many years before all the water-power sites in 
the United States are developed to a greater extent than 
the sites that have been utilized in the four New England 
States. Assuming that all sites may eventually be devel- 
oped to a point where the wheel capacity is 131 per cent 
of the power available 50 per cent of the time, it may be 
said that the installed capacity will reach 72,000,000 hp. 
The present installed capacity of plants of 100 hp. or 
more is 9,087,000 hp., and on this assumption of the ulti- 
mate installed capacity, about 12.5 per cent of the potential 
water power of the country has now been developed. 


How a Milwaukee Pumping Station Handles Coal 


DESCRIBING THE COAL HANDLING EQUIPMENT AT THE RIVER- 
SIDE PumpiIna STATION AT MILWAUKEE. By N. L. Davis* 


ILWAUKEE, the metropolis of Wisconsin, and a 
city of 575,000 people, consumes 70,000,000 gal. of 
water daily. Lake Michigan is the source of this water 
supply. The Riverside Pumping Station, recently put in 
operation, furnishes the pressure by which 35 per cent of 
this volume of water is transferred from the source to the 
consumers throughout the city. Upon completion, Mil- 
waukee will be largely dependent upon “Riverside” for its 
water supply. 

To carry this responsibility successfully, Riverside 
must be assured of continuous, night and day, operation. 
Since such operation is entirely dependent upon an ade- 
quate supply of coal, the machinery for the handling of the 
coal must possess an extraordinary flexibility. Because the 
completed system does possess extreme flexibility, we de- 
scribe it herein. 

Being located some distance from a railroad, all coal is 
carried to the pumping station in motor trucks of 5 to 7 
T. capacity. With only one of the 6 ultimate units installed 
the coal consumed is now only 15 T. a day, although the 
ultimate consumption will be in excess of 80 T. daily. 

Coal is dumped into a dump hopper covered by a steel 
grating over which the motor trucks drive. A steel apron 
conveyor removes the coal from this dump hopper, for 
further delivery to the crusher or conveying system. This 
apron conveyor is shown in Fig. 1 together with the elec- 
irical control boards and on which (indicated by arrow) 


*Engineer, Link-Belt Co., Chicago. 


is mounted an automatic cut-out operated from the time 
limit switch located on the driving end of the pivoted 
bucket carrier. 

The bulk of the coal being brought to the plant by 
trucks instead of in railroad cars, it appeared to the engi- 
neers of- the City of Milwaukee that in all probability, 
unless special means were provided, the carrier and coal 
handling system would be running idle a large percentage 
of the time. Allowing a coal handling system to operate 
5 or 10 min. overtime on a 50-T. supply would not amount 
to much in percentage of over-run time. Such an allow- 
ance made to the small 714-T. truck loads, however, means 
that on every load the machinery might operate 50 per 
cent overtime. This overtime percentage when calculated 
on a yearly basis would prove excessive in power costs. 
For this reason, a time limit switch was devised and oper- 
ated from the drive shaft of the Peck Carrier, so that the 
coal handling system would operate over an interval of 
time sufficient to remove 714 T. from the receiving hopper 
and deliver it to the farthest section of the overhead 
bunker, whereupon the whole system would automatically 
cease operation. More briefly stated, the operator, after 
the truck has dumped its load, presses a push button, thus 
starting the coal handling system. The coal is then de- 
livered to the overhead bunkers, after which it automat- 
ically stops and awaits the next load of coal. A diagram 
of the time limit switch used in connection with this sys- 
tem is shown in Fig. 10. This device, as may be noted, 
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VIEWS OF THE COAL HANDLING EQUIPMENT AT RIVERSIDE PUMPING STATION 


Fig. 1. Coal is first delivered to this apron conveyor. 
Arrow indicates the automatic cutout operated by the 
time limit switch shown in Fig. 4. Fig. 2. From the apron 
conveyor the coal may be sent either of three ways, to 
the crusher, to the conveyor direct or to industrial cars, 
the paths being indicated by the number 1, 2 and 3, 
respectively. Fig. 3. The upper run of the pivoted 
bucket conveyor, where the automatic tripping device un- 
loads the buckets into the coal bunkers, Fig. 4. The 


driving mechanism of the conveyor, showing the time 
limit switch box in the circle. Fig. 5. Ash from the 
ashpits is delivered to industrial cars in the basement of 
the boiler room. Fig. The industrial cars discharge 
ashes into the receiving hopper of an electric skip hoist 
which carries it to the ash bin. Fig. 7. A view of the 
upper end of the skip hoist showing the driving mech- 
anism. Safety devices to prevent a man from falling 
in receiving hopper or getting caught in pit are used. 





















































POWER PLANT 


October 1, 1924 


consists of a worm driving a large wheel to which is 
attached a pin which trips open the switch which stops 
the conveyor during each revolution. The speed of the 
large wheel is geared down so that an entire 814-T. truck 
load can be delivered to the bunkers during a complete 
revolution. 

From this apron conveyor the coal is discharged into 
a three-way receiving spout which can be seen in Fig. 2. 
Here the coal, (if it is not of steam size) can be sent 
through a two-roll crusher, which crusher feeds to the 
lower run of the Peck Carrier. However, should the coal 


be of steam size it is not necessary to operate the crusher, - 


but can be bypassed around the mechanism and directly 
to the Peck Carrier. This bypass is indicated by the 
numeral “2” in the illustration. As an emergency meas- 
ure, for use only in the event that the conveyor is out of 
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OVERHEAD BUNKERS ARE OF LARGE CAPACITY 

The overhead bunkers are of reinforced concrete con- 
struction and have a capacity considerably in excess of that 
ordinarily found. This is to provide for a coal reserve, 
the only means Riverside has for coal storage. To prepare 
against fire or spontaneous combustion in this overhead 
storage, and to provide a means for putting such a fire 
out by turning the coal over, portable steel chutes were 
made a part of the coal handling equipment. These chutes 
shown in Fig. 8 can receive the coal drawn from the over- 
head bunkers and deliver it, directly downward, through 
the boiler room floor to the lower run of the conveyor, 
when the coal would be returned to the bunker. Thus the 
stored coal can be turned over, which action in itself will 
put out any possible fire or eliminate the possibility of 
internal heat. This, in our belief, is the cheapest and 
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FIG. 8. DETAILS OF COAL HANDLING SYSTEM 


operation, bypass “3” is used. If, for any reason, the con- 
veyor should become inoperative, the coal being discharged 
from the steel pan apron feeder can be spouted in a third 
direction which leads directly to industrial cars. After, 
in the industrial cars the coal can be wheeled either to 
the skip hoist or the platform elevator for delivery over- 
head. This is one of the ways Riverside eliminates im- 
probable emergencies and assures itself continuity of 
operation. 

Figure 3 illustrates the overhead run of the conveyor, 
where the coal is discharged to the concrete bunkers. 
Driven by a 10-hp. motor, this conveyor operates on 167- 
ft. horizontal centers and 66-ft. vertical centers, the in- 
dividual buckets being 24 by 18 in. The driving mechan- 
ism is shown in Fig. 4, the circle indicating the time limit 
switch box previously referred to. 


most practical method of eliminating this condition. No 
such fire has yet occurred, nor is one expected, but the 
chute, supplied at small additional expense, is there ready 
for service, just as a fire hose or chemical extinguisher, in 
case of emergency. 

At present, with only three of the ultimate six boilers 
installed, three of the overhead bunkers are used solely for 
storage purposes. This stored coal, when needed, is ob- 
tained through the use of the emergency chutes. 

Figure 9 shows the boiler room interior. It is apparent 
from this photographic reproduction that the power sta- 
tion is not fully completed. Indeed, at the time this pic- 
ture was taken only one boiler of the three shown was 
in operation, the battery of three boilers for the opposite 
end of the room being yet to install. 
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CoaL WEIGHED BY INDIVIDUAL SCALES 


Coal drawn from the storage bunkers overhead is accu- 
rately weighed with individual scales before it is passed 
to the stoker magazine. Considerable thought was given 
to this matter by the city’s engineers and it was decided 
that each boiler would be handled independently and that 
accurate records be kept of the weight of coal consumed 
by each. Individual Richardson scales, 200 lb. capacity, 
automatic belt feed were decided upon because this equip- 
ment affords accurate though completely automatic weight 
of all coal used. It is almost impossible, according to the 
engineers, to get men who will always keep their records 
properly separated, as is necessary in the use of a travel- 
ing weigh larry. Through the installation of the indi- 
vidual scales the boiler room was completely automatized. 








FIG. 9. VIEW IN THE BOILER ROOM SHOWING AUTOMATIC 
COAL SCALES 


Figure 9 shows the manner in which these scales were 
individually mounted. Each is protected by a cage which 
prevents their being tampered with. The entire platform 
can be rolled to one side when the boiler chutes are being 
removed, or for any purpose that makes necessary the 
removal of the scales. 


AsH REMOVAL 


Ashes are deposited from the boilers to concrete ash 
pits illustrated in Fig. 5. From these hoppers, the ashes 
are discharged to industrial cars in which they are carried 
by means of hand lift trucks to the skip hoist receiving 
hopper shown in Fig. 6. The bucket of this skip hoist is 
of 30 cu. ft. capacity, the travel being 80 ft. The top of 
the skip is shown in Fig. 7. 

If for any reason the skip hoist should become inopera- 
tive, the ashes can be delivered to the overhead ash hopper 
by means of the pivoted bucket conveyor or through the 
use of the platform elevator which could lift the industrial 
cars to the proper level for dumping, by hand, into the 
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ash hopper. The ash storage hopper leads to the truck 
driveway, where, upon occasion, the truck bringing the 
coal can be used to carry away the ashes. 


Provisions For SAFETY 


Two elements of danger to workmen were avoided in 
the design of this skip hoist. One—the possibility of a 
man falling into the receiving hopper; the other—the 
hoist being put into operation while a man was in the pit 
doing any sort of work. The first possibility was elim- 
inated through placing a hinged cover plate over the 
mouth of the hopper and extending the casing of each end 
of the hopper to prevent a man tumbling into it in the 
dark. Furthermore, when the hinged cover plate over the 
hopper is raised the skip hoist cannot be operated until the 
man handling the ashes lowers that cover plate and pushes 
the starter button. 

To prevent, against the skip hoist being operated while 
a workman might be in the pit, the skip hoist is rendered 
inoperative when the trap door (shown at the left of Fig. 
6) is raised. This trap door is the only way a workman 















































ZA—CONTACT BLOCK 

WORM WHEEL 

SPRING 
ADJUSTING STOP 
STARTING Sw. WORM 
yA vf 
ae 
a. 
Stop switch > SwITCH 
FIG. 10. DIAGRAM OF TIME LIMIT SWITCH 


may gain access to the pit, and the raising of this trap 
door throws off all electric current and renders the skip 
inoperative. The trap door, in itself, is a positive safety 
feature. 

The upper end of the skip hoist is shown in Fig. 7. 
Considerable ingenuity was necessary when installing this 
skip in order to get it fitted properly without the neces- 
sity for cutting a truss. The chute leading from this 
hoist is a two-way affair, so that it is possible to chute 
ashes to either the carrier or the industrial cars. 


Cleaning Air Receiver Piping 

Ir usvALLY happens that oil, carbon and other foreign 
matters are deposited in air discharge lines and air 
receivers. A practical method of cleaning these is to fit 
a receptacle made of 5 or 6-in. pipe on top of the discharge 
pipe. If a mixture of 1 lb. of red seal lye and 18 lb. of 
water is passed into the discharge line at the rate of 60 or 
70 drops per minute while the compressor is running, it 
will clean out all the accumulation on the surface of the 
pipe and in the receiver and if the blowoff valve on 
receiver is opened, all of this foreign matter will be dis- 
charged therefrom. This cleaning solution should be used 
every month or oftener, depending on how much accumula- 
tion there may be in the receiver. 
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Mixing Concrete for Power Plant Use 


Many Uses Aris—E AROUND THE PowER PLANT WHERE Con- 
CRETE, PROPERLY MAprE, AFForDS EXCELLENT CONSTRUCTION 


OMMON PRACTICE in the use of concrete for build- 

ing foundations requires that it be proportioned on 
the basis of 1-3-5. This means that the ingredients mak- 
ing up the concrete must consist of 1 part of Portland 
cement, 3 parts of sand and 5 parts of gravel or coarse 
aggregate. All of these must be proportioned by volume 
and not by weight. The strength of concrete depends pri- 
marily upon the amount of water used in mixing it, the 
grading of the aggregates, accurate measurement of the 
aggregates, thorough mixing and clean and _ standard 
materials. 

Excess mixing water weakens concrete. Sloppy mix- 
tures sacrifice strength. One pint more water than neces- 
sary in a one-bag batch decreases the strength and resist- 
ance to wear of concrete as much as if 2 or 3 |b. of cement 
were left out. The quantity of mixing water is just as 
important as the quantity of cement. 

Given herewith is a curve which shows the effect of 
the quantity of mixing water on the strength of concrete. 


consistency for mass contrere, 


This range of consistency should 
be used for cast produchs 
corcrete,etc;tluin members regdire 






concrete sorme - 
times used ir rood work and in 
building construction, two-thirds 
‘S| to three-fourths of the possible 
rergth of the concrete 1s lost 
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EFFECT OF QUANTITY OF MIXING WATER ON THE COMPRES- 
SIVE STRENGTH OF CONCRETE 


It is an average of the results obtained with many mix- 
tures and aggregates. 

In general construction work, maximum strength can 
seldom be secured because the mixture would be too stiff 
to be workable but 70 to 90 per cent of the maximum 
strength can readily be obtained. This would be a great 
increase over the usual results, since much of the concrete 
placed today contains 50 to 100 per cent more water than 
necessary and thus attains only half or even only a quarter 
of its possible strength. 

Mixtures for reinforced concrete must usually be more 
plastic than for mass concrete or for pavements. Therefore, 
more mixing water is needed and the required strength 
can be obtained only by using more cement. Obviously, it 
is economy to limit the quantity of mixing water to the 
smallest possible amount. 

Consistency is easily measured and regulated by the 
“slump test.” Through its use on the job the quantity of 
mixing water used in the concrete can be controlled fairly 


closely. The only apparatus needed is a sheet-metal form, 
shaped like a frustum of a cone, 4 in. in dia. at the top, 
8 in. at the bottom and 12 in. high and a %& in. pointed 
metal rod 21 in. long. 

Fill this form with the concrete to be tested, placing it 
in layers about 4 inches deep and working it with the 
pointed metal rod. In order to secure uniform results, 
specifications of the American Society for Testing Mate- 
rials state that each layer should be rodded exactly 30 
times. Lift off the form immediately and measure the 
settlement or slump of the concrete. 

Concrete having a slump of 1% in. to 1 in. will contain 
only a little more water than necessary for maximum 
strength but will be too stiff for most construction work. 
The following table shows amount of slump recommended : 


Maximum slump 


Type of concrete recommended 
NERES CONCIOLEN 6 ais 5 occe bebo sesdsectaasee 2 in. 
Reinforced concrete— 

Thin vertical sections............eeee. 6 in. 

PE WON co scccscocacbsctanes 2 in. 

Thin confined horizontal sections....... 8 in. 
Roads and pavements— 

HE CUPLOE A SERIE OU YS. 5. 5:6,4, 5.00% 90-2 o Ra EER 4 in. 

MaCHING  TIGNOU ti i6.25.50:44.6b0 ve silmeans Lm, 
Mortar for floor fish. o's «a0 0.46 oe tee ee 2 in. 


Water tight concrete means good concrete. A few 
fundamental principles of good construction should be 
carefully observed. These can be summarized as follows: 

1. All portions of the structure should be strong enough 
to resist the head of water, either internal or external, to 
which the concrete may be subjected. 

2. Use clean, well graded aggregates. 

3. Use a relatively rich mixture, a 1:2:3, or better 
1:144:3. 

4. Use the minimum amount of mixing water that will 
give a workable, plastic consistency; not over 6 gal. per 
sack of cement. 

5. Mix the concrete thoroughly, at least 144 min. per 
batch mixer. 

6. Place the concrete carefully in layers 6 to 12 in. 
deep, spading or rodding it thoroughly to prevent the 
formation of stone pockets or voids. 

7. If possible place the concrete in one continuous 
operation to.avoid construction joints. If placing is inter- 
rupted, be sure to get a good bond between the fresh con- 
crete and that placed previously. 

8. Keep the concrete warm and damp for the first ten 
days. 


PROPORTIONS DEPEND ON AGGREGATES 


Concrete of substantially the same strength can be made 
from any combination of fine and coarse material, pro- 
vided that the materials are properly proportioned. The 
mixture should be determined after a study of the par- 
ticular aggregates to be used. If the grading of the aggre- 
gate changes during the progress of the work, it is an easy 
matter to change the mixture accordingly. 
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Numerous tests have been used for determining whether 
or not a sand possesses the requisite cleanness for use in 
concrete. The most common tests which have been used 
for this purpose are the determination of silt and the loss 
in weight resulting from heating the sand to a red color 
(ignition test). The silt test gives a measure of the 
amount of fine material, generally clay or loam, which is 
contained in the sand but furnishes no information as to 
the probable effect of such materials on the strength and 
durability of concrete or mortar made from the sand. 


METHOD For FIeLp TEst 

Field test for organic impurities consists of shaking the 
sand thoroughly in a dilute solution of sodium hydroxide 
(NaOH) and observing the resultant color after the mix- 
ture has been allowed to stand for a few hours. Fill a 
12-0z. graduated prescription bottle to the 414-0z. mark 
with the sand to be tested. Add a 3-per cent solution of 
sodium hydroxide until the volume of sand and solution, 
after shaking, amounts to 7 oz. Shake thoroughly and let 


APPROXIMATE QUALITY OF MIXING WATER REQUIRED FOR 


























CONCRETE 
Approximate Mix as Water Required 
Mix Usually Expressed (Gallons per sack 
of Cement) 
Volume of Aggregate 
Cement | Ageregate | Cement Minimum|Maximum 
After Fine Coarse 
Mixing 7 : | 
1 3 111%12%15 514 
1 4 1 | 1% | 3 5% | 6 
1 4% 1 |2 3 534 | 6% 
1 5 1 2 4 6 6% 
i | 6% | 1 | 2%| 5 7% | 734 
1 | 734 | 1:13 16 | 8% | 8% 














stand for 24 hr. Observe the color of the clear liquid 
above the sand. 

If the solution resulting from this treatment is color- 
less, or has a light yellowish color, the sand may be consid- 
ered satisfactory in so far as organic impurities are con- 
cerned. On the other hand, if a dark colored solution is 
produced, the sand should not be used in high-grade con- 
crete such as that required in roads and pavements, or in 


building construction. 


THorouGH MIXING INCREASES STRENGTH OF CONCRETE 


Two batches a minute from a concrete mixer gives a 
rapid output but sacrifices considerable strength in the 


concrete. ‘Two batches a minute usually means a net time | 


of mixing, after all the materials are in the drum, of only 
15 sec. That is not enough for thorough mixing and will 
develop only part of the potential strength of the mixture. 
Moreover, concrete that has not been thoroughly mixed will 
not be uniform in quality: it is likely to contain stone 
pockets or voids which are weak spots and which may per- 
mit objectionable leakage. 

Mixing the concrete for 5 min. will give an increase in 
strength. Five minutes is, of course, longer than would be 
feasible on most construction work but mixing for 1 to 2 
min. after all materials, including water, are in the mixer 
drum is feasible and should be required. 

Freshly placed concrete can be kept damp in several 
ways. Drenching the subbase and forms with water before 
concrete is placed will reduce absorption. Horizontal sur- 
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faces, such as floors and pavements, can be covered with 
damp sand the day after they are laid, when they have 
hardened sufficiently to prevent pitting the surface. Some- 
times small dikes of clay are built around a section of 
floor or pavement, which is then flooded with water. Ver- 
tical surfaces can be kept damp by frequent sprinkling of 
the forms or exposed concrete. Sometimes walls are cov- 
ered with canvas or burlap, which is drenched with water 
several times a day. 

Keeping concrete damp the first 10 da. will give the 
owner over 65 per cent better value for his money. Three 
weeks’ protection will give still greater increase in value. 
There is nothing that can be done to concrete that will 
pay such big dividends as proper use of water in mixing 
and in curing. 


Efficient Burning of Fuel Oil 


ONCISELY stated, the following are the general re- 

quirements for efficient oil burning: The oil must be 
finely atomized just prior to coming in contact with the air 
for combustion. The requisite quantity of air must be inti- 
mately mixed with the oil, and excess air reduced to a 
minimum. A high furnace temperature must be main- 
tained, by the use of sufficient refractory surface to assist 
in complete combustion. The combustion must be com- 
pleted before the gases of combustion come in contact with 
cooling surfaces and become chilled below the ignition 
temperature. 

Boiler heating surfaces must be protected from localized 
heating caused by a blow pipe action; heating should be 
uniformly distributed. 

Fineness of atomization is dependent on (1) the design 
and mechanical construction of the atomizers; (2) the 
proper straining of the oil; (3) the heating of the oil to 
the proper temperature. 

Of primary importance to the operating engineer is the 
requisite viscosity to obtain the best atomization. The 
extent to which an oil may be atomized is not alone de- 
pendent upon the design of the atomizer but upon the 
viscosity of the oil as well. The thinner the oil the finer 
will be the atomization produced. The greater the vis- 
cosity, the more difficult it becomes for the atomizer to 
break up the oil into particles fine enough for its intimate 
mixture with the necessary air.for combustion. 

For those oils having a gravity of Baumé of 16 deg. 
(specific gravity 0.9589) and above, very little reduction 
in viscosity is gained by heating above 180 deg. F. Inas- 
much as some atomizers will produce efficient atomization 
with oils at a viscosity between 8 and 10 deg. Engler (300 
and 375 Saybolt seconds) there is no practical gain in 
heating the oil above the temperature that will give a vis- 
cosity between these limits. 

In the case of the more viscous oils, it is neither desir- 
able nor practicable to reduce this viscosity below this 
point, as to do so would require heating the oil to a tem- 
perature high above the flash point, which is a dangerous 
expedient unless extreme care is taken to guard against 
leaks in the oil lines. 

Inaddition to objections cited to the heating of a very 
viscous oil to excessive temperatures may be added the 
space required for heaters of sufficient capacity, and also 
the danger of breaking down the oil, causing it to clog up 
the heaters and oil lines and to carbonize the atomizer, 
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Developments in Ice-Making Plants 


OUTLINE OF PRESENT PRACTICE AND PROBABLE DEVELOPMENT AS PRE- 
SENTED TO THE N. A. S. E. Convention. By Hatpert P. HIty 


URING THE LAST 20 yr., the art of mechanical 
refrigeration in ice making has made considerable 
progress but unfortunately its development has been slow 
as compared to that of the steam turbine, Diesel engine, 
aeroplanes, automobiles, wireless, etc., for the fact that in 
most northern localities there was an abundance of natural 
ice, prices were low and cost of transportation reasonable. 
A certain amount of distilled water had to be made to 
make sufficient ice; therefore little attention was paid to 
the economy of the boilers and less attention to the econ- 
omy of the engines, as in reality they acted as a reducing 
valve as well as producing power to drive the compressors. 
With the development of raw water ice, however, the ques- 
tion of power became serious. More attention was given 
to prime movers. Boiler plants, formerly operating at 
efficiencies varying from 45 to 60 per cent and in some rare 
instances 70 per cent, are now designed for real economy. 


Ammonia compressors have passed through a period of 
evolution. The old slow speed, heavy valve type machine 
is rapidly being supplemented by the more modern high 
speed ring plate or feather valve type and the two-stage. 
compound compressor is rapidly coming into general use. 
The development of the high-speed compressor has brought 
out improvements in electrical apparatus. It is only within 
the last few years that the application of synchronous 
motors direct connected to ammonia compressors has been 
in use. 


Many of the old operating engineers labor under the 
fallacy that an ammonia compressor must operate at vari- 
ous speeds throughout the year to take care of the season- 
able loads and demands and that a machine operating at 
one speed such as a synchronous motor drive, could not be 
used. This brought out the development of the clearance 
pocket whereby the cylinders are equipped with clearance 
pockets controlled by hand-operated valves so that the 
amount of clearance could be increased by steps, thus de- 
creasing the capacity of the machine. Many machines are 
now equipped and capable of operating from 40 per cent 
of full load up to full load in several steps. 

Compound compressors have many advantages. The 
work is divided between two cylinders, thus greatly reduc- 
ing the duty on each cylinder; it lends itself more easily to 
electric drive and better volumetric efficiencies are obtained 
by intercooling between stages. Further a saving in power 
is made possible which in turn means a higher overall 
efficiency. 


Many CHANGES Have BEEN MADE IN CONDENSER DESIGN 


Ammonia condensers, one of the most abused pieces of 
apparatus in an ice-making or refrigerating plant, have 
been designed in every conceivable shape and type imagin- 
able. The atmospheric condenser is the type most gener- 
ally adopted. The double-pipe condenser met with favor 
in many instances on account of the ability to install it on 
the wall of the engine room or in any convenient locality. 
The shell and tube condenser is one of the latest develop- 
ments and has many advantages both from a stardpoint of 
economy as well as ease of operation and long life. When 


properly installed it has a higher efficiency than other 
types of equipment. The shell and tube condensers are 
built both horizontally and vertically. The horizontal 
types are provided with heads usually divided in several 
passes for the water circulation. 

While there are many most successful installations of 
the horizontal type, yet the vertical shell and tube con- 
denser is much more efficient and where there is space to 
install it, it makes the ideal type of equipment; by admit- 
ting water at the top and providing each tube with an 
auxiliary saw-tooth removable tube, a constant water level 
can be maintained above the condenser tubes. The water 
flows down the tubes at a high velocity in a thin film 
covering the inside surface of the tubes and discharges in 
a pan or sewer connection at the bottom of the condenser. 
The condenser can be cleaned while in operation and the 
numerous installations that have been in operation more 
than 6 yr. prove the condensers require little or no repairs, 
that the life is exceptionally long and the efficiency ex- 
tremely high. The test in question was on a 75-T. con- 
denser which carried a 225-T. load with ease and economy. 
In another test a heat transfer of 315 B.t.u. was obtained 
with 414 sq. ft. of cooling surface per ton of refrigeration. 


Dryine Arr For AERATING SystTEMs Is DIFFICULT 


Quality of the water has a material bearing on the 
clearness of ice manufactured. With good water, an ordi- 
nary drop pipe low-pressure air system can produce clear 
marketable ice. The main disadvantage is sucking of cores 
and removing the tubes, before they are frozen in, which 
is a labor problem. With high-pressure systems the air is 
kept on until the can is completely frozen up, and for this 
reason makes better ice with inferior water. Most of 
the high-pressure aerating systems are alike in principle 
and the main difficulty lies in drying the air; with a well- 
designed dehumidifying system a large part of this trouble 
is eliminated. 

Various means have been devised for treating the water 
with a view of eliminating core sucking and there is an 
opportunity for greatly improving the various existing 
freezing systems. Experiments have been made by remov- 
ing the solids in suspension by centrifugal force. Filtra- 
tion has also been tried and while these systems do remove 
a large portion of the solids in suspension, yet the salts 
remain in the water and, of course, require sucking of 
cores. A number of experiments have been made by add- 
ing various compounds with a view of making clear ice 
without core pumping. So-far none of these systems have 
proven commercially successful. A great deal of research 
work has been done with a view of improving the quality 
of ice and decreasing the time of freeze. One method in 
particular was effected by crimping the can at six points 
with the result that the time of freeze was decreased 14 
hr. Certain objections were raised to a cake of ice with 
these indentations. This type of can, however, has pos- 
sibilities as it is only a matter of a short time until the 
scoring of ice will be universal. Ice is now being scored by 
a number of manufacturers and there are several types 
of scoring machines on the market which are successful. 
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To carry out further these experiments to determine 
how much time could be saved in freezing, several other 
types of cans have been made. The first cans were made 
by soldering six 2 by 2-in. pieces in the inside of the can 
and then boring holes where the pieces were attached for 
brine circulation. This made a cake of ice weighing 270 
Ib. which froze in 28 hr. The next can was made by 
screwing %4 by 2-in. strips in the inside of the can and 
this froze in 32 hr. The disadvantage of this arrangement 
was that the heavy strips required a considerable time, 
practically 5 min. to thaw and after thawing, a cake of ice 
weighed only 292 Ib. This led to the development of the 
can crimp with six 2 by %%-in. indentations. The can 
froze in 30 hr. and required 3 min. for thawing. 


POSSIBILITIES OF SUPERCOOLED WATER 


These experiments were carried further with a view of 
utilizing supercooled water for the manufacture of ice. It 
is interesting to note that water can be supercooled in an 
agitated state to a temperature as low as 27 deg. F. without 
crystallization taking place. Then by the introduction of 
the smallest particle of ice, supercooled water will flash, 
some ice crystals being formed and the rest of the water 
raised to 32 deg. 

For instance, if water is cooled to 28 deg. and then 
allowed to flash, about 4 per cent will flash into ice and 
the balance will raise to 32 deg. In one of the experiments 
the supercooled water was discharged against the refrig- 
erated surfaces of a trough but the crystals would not ad- 
here to each other and the trough was filled with a mixture 
of ice crystals and water, which might be termed slush ice. 
This when frozen solid made opaque ice for the reason that 
crystals are surrounded by a film of water and this water 
contains air. Furthermore, the crystals were arranged 
with their axes in all directions and when frozen solid the 
light was reflected and refracted in all directions, so that 
the cake was white. 

In another experiment a large steel can was made 6 ft. 
9 in. long. Six feet of the surface was ammonia jacketed 
and the water was pumped in at the top and discharged 
at the bottom. Ice was made but the same difficulty was 
encountered, namely, that the ice crystals would not deposit 
in layers or laminations on the refrigerated side but the 
whole mass became slush ice and was opaque. Agitators 
were introduced in the can but the results were not satis- 


factory. 


Comparison is interesting of the distilled water steam-- 


driven ice-making plant of the past, with an efficiency of 
around 41% T. of ice per ton of coal with the modern raw 
water steam-driven plant producing as high as 22 T. of 
ice per ton of coal, or with the electrically driven raw 
water plant operating as low as 35 kw.-hr. per T. of ice. It 
must be conceded that progress is being made. 


Many ice manufacturers are laboring under the delu- 
sion that by driving their present compressor with a motor 
or by the installation of an aerating system, they have con- 
verted their plant to an electrically driven raw water ice- 
making plant and that they are obtaining economy. | In 
most instances they have gained in economy but the mod- 
ern plant of today means more than a motor to drive the 
compressor and some system whereby air is admitted in the 
can to make clear raw water ice. 
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Few freezing tanks have sufficient agitation and few 
are properly piped. For economy in freezing tanks you 
must have sufficient cooling surface, whether brine coolers 
or piping. If brine coolers, it has been found that 30 sq. 
ft. per T. of ice is none too much, yet there are many 
plants installed with as low as 18 sq. ft. and few above 25 
sq. ft. ‘Where coils are employed, they should be con- 
nected up so that the freezing tank can be operated flooded. 
This cannot be done unless means are provided to prevent 
slopping over and freezing back to the machine. 

Introduction of accumulators set in the freezing tanks 
in a manner accomplished the purpose but the modern 
method is to provide an accumulator at a convenient point 
below the freezing tank, pipe it up with cooling coils and 
install an ammonia pump and operate the tank flooded. 
Then let the liquid slop over into the accumulator where 
the cooling coils will dry out the wet gases and the pump 
will pump the liquid to the high pressure side of the 
system. This cold liquid helps to cool the high pressure 
liquid and no refrigeration is lost. The use of an accu- 
mulator of proper size and properly installed prevents 
freezing back to the machine and allows operation at the 
maximum suction pressure. 

The above outline has been selected from a paper read 
at the N. A. S. E. Convention. 


Troubles Encountered in 


Pump Operation 


NE COMMON source of trouble in pumping plants is 
the screen or strainer, particularly where the pump is 
handling water that is contaminated with foreign material, 
such as leaves and general accumulation that is found in 
most streams. The majority of strainers installed are too 
small, and a high velocity through the strainer will result 
in rapid clogging, as each and every particle that finds its 
way to the strainer, is held against the orifices by the 
velocity of the entering water, and thus cannot get away. 
This process goes on until the strainer becomes completely 
clogged. The clogging of the strainer can always be deter- 
mined by placing a vacuum gage on the suction line and 
noting the vacuum necessary to fill the pump with water, 
which is the static head. If the vacuum increases after a 
period of operation, it is due to clogging of the strainer 
and the process of clogging can be noted by watching the 
vacuum gage. Strainers should be large enough to keep 
the velocity of the entering water extremely low, so that 
the natural current or movement of the surrounding water 
can prevent the collection of foreign matter on the strainer. 
Another accessory to the centrifugal pump that is the 
cause of considerable trouble is the foot valve. It is not 
advisable to use a foot valve or check valve on the suction 
of a pump unless it is necessary to prime the pump by 
filling the piping and pump with water. If the pump can 
be primed by an ejector operated either by steam or water, 
it is preferable to omit entirely the foot valve or check 
valve on the suction, thus leaving the suction line entirely 
free. Ifa foot valve or check valve is used it must always 
be located below the water level. 
It is usually advisable to install a check valve on the 
discharge line to prevent water flowing back through the 
pump in case of sudden stoppage of the driving motor. 
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Formation of Boiler Scale 

IN THE editorial comment under the heading “Forma- 
tion of Boiler Scale” in the Aug. 15 issue, I notice the 
following statement: “We may look forward to the devel- 
opment of methods for keeping boilers entirely free from 
scale.” This development has already been made. It will 
no doubt be interesting to know that this was accomplished 
10 yr. ago and that the same result has been obtained 
many times since and can be obtained at any time any- 
where in any boiler plant. 

At a plant where vertical bent tube boilers carrying 150 
Ib. pressure and operating at 200 per cent of rating were 
and are now being kept entirely free from scale, an anal- 
ysis of the boiler water shows the following scale forming 
materials : 

Gr. per gal. 


Re eee eer re eee eer ee 0.70 
Ongamic mintter ono. ccc sevecccsccsevens 4.32 
SE SND Si cedccvesccdcceevesees 7.29 
CMRCIMER GRIDIAIN occ ccc cece sscccccceess 3.50 
Magnesium carbonate .........-+.+seeeeeee 1.22 
Magnesium chloride ............+++.ee0e: 3.61 
a. errr res Terre rr ee ree re ee 20.64 
OMIM CHIOTIGS 265 ccc seecccrccscccneece 9.15 
(| Peer Tree eee ee eee eee eee 29.79 


In this plant the boiler water is being treated in a 
lime and soda ash hot process softener. 

The owners of the plant have operated their boilers 
continuously for periods of a year and have found them 
free from scale when opened. 

Identical results have been obtained in a plant using 
harder water, an analysis of which shows: 


Gr. per gal. 
SLL. RNa Re aoecar rare See areata ara Laverty ar ware rte 1.35 
CRIGINEN GHTDONSUO <fo oeS ose s ewes ee ees 12.00 
I CII cb ay biis sdwas ocdseeuas 15.50 
PEGEROMGMA GHIDRRTE 2... ccs eccccscenees 26.76 
MUAOMIUIUR ics Sees ec ae ae Oe elaae ween 55.61 
PO EE oc ace sesSs swe teewe edi 1.56 
Sourdmvcnionde os. hee ee iendin ees 3.04 
SOU TINOTAEO 4. osc ss oc i gcstestet ee Since Se 0.51 
SEAT OROMUB heh ss ees See eee eRe we 60.72 


Chicago, Ill. F. F, Vater. 
Novel Lubricator Supply Device 
In our plant, as in most plants of this size, we have a 
number of engine bearing and cylinder lubricators which 
must receive periodic attention. About an hour before my 
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relief reports, it is my duty to make the rounds and fill 
them all with oil. However careful we might be, it was 
impossible to prevent a quantity from overflowing. The 
result was that considerable quantities were wasted. 

To eliminate this trouble and waste, I installed an oil- 
ing device which saved considerable time and oil, at little 
expense. As shown in the accompanying sketch, the device 
consists of a length of 12-in. pipe (the length depending 
on the rate of oil consumption), two caps, a gage glass and 
the necessary 3¢- or 14-in. pipe connections. This reser- 
voir is connected at the top to the lubricators to be sup- 
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OIL IS FED TO LUBRICATORS FROM RESERVOIR UNDER 
HYDROSTATIC PRESSURE 


plied and at the bottom to a source of water pressure. The 
water pressure serves to force the oil out at the top. 

To fill, close valves B and D and open valves A and 
C. Water is drawn off at C in a bucket or other waste re- 
ceptacle. A new charge of oil is then introduced at A 
through the funnel, H. When the reservoir is full A and 
C are closed and B and D are opened again. The pressure 
line I may be connected to a source of steam pressure but 
in this case a water trap on loop should be used. 

As different grades of oil are used in the cylinder and 
on bearings, separate reservoirs must be used for the two 
classes of service. 


Des Moines, Iowa. G. B. SHAFFER. 





Safety Valve Must Be Free from Strain 


ONE IMPORTANT requirement in the mounting of safety 
valves on boilers is the elimination of all strains on 
the body of the valve. Where strains are present leakage 
is likely to result. Such slow leaks are not only wasteful 
of steam but if allowed to continue will cut the seats 
and discs so that expensive repairs become necessary. 
This point is illustrated in an installation of two 314-in. 
twin safety valves on a 400-hp. Stirling boiler. The valves 
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were set to relieve at 150 lb. boiler pressure and were 
bolted to the steam drum in the usual manner. In the dis- 
charge was screwed a piece of 4-in. pipe about 26-in. long, 
then a 90-deg. elbow and the pipe leading straight up 
through the roof of the boiler room. This was installed 
so that in case the boiler popped the relieved steam would 
blow out of doors and not fill the boiler room with steam, 
which was particularly objectionable in the winter time. 
A sturdy clamp was fastened around the pipe and rested 
on the concrete roof. This was supposed to take the weight 
of the pipe. After the boiler had been in operation a 
short period, all of the valves began to leak. They were 
removed, repaired and replaced. For a time they held 
tightly, then they began to leak again. The next time the 
valves were repaired, they were put up as shown by the 
dotted lines in the accompanying illustration. The valves 
have since been in service nearly 2 yr. and do not yet 
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REARRANGEMENT OF EXHAUST PIPING RELIEVES STRAIN 


show any sign of a leak. The 4-in. exhaust pipe had been 
supported as rigidly as possible but it had settled slightly. 
Even the smallest settlement exerts an enormous leverage 
on the body of the relief valve which in turn had served 
to distort the seat and cause leakage. It was better to 
have the steam in the boiler room occasionally than to be 
bothered with continuous leaking and expensive repairs. 
The alteration proved to be a happy solution for what 
appeared to be a vexing problem. 


Chicago, Ill. H. M. Toomss. 


- Combustion Control Based on CO, 

Mr. GasTEr’s letter in the Aug. 15 issue regarding 
control of air supply by apparatus operating on the per- 
centage of CO, in the flue gases is correct in that the 
various items of furnace design have a material influence 
on furnace efficiency. My statement that efficiency of com- 
bustion is controlled solely by the condition of the fire 
would have been better had it been qualified explicitly as 
it was intended to be understood “for any one furnace.” 


October 1, 1924 


The control of air supply by the CO, content of the 
flue gases in powdered fuel or oil burning furnaces is 
critical ; they normally operate’ so nearly at the theoretical 
air supply, i. e. only 10 or 15 per cent excess air, that any 
material error in sampling or analyzing the flue gases 
would be likely to result in a deficiency of air supply with 
undesirable evolution of smoke and possibly large losses 
due to unburned gases. This is, I believe, not an idle or 
theoretical objection, as accurate sampling of flue gases in 
large boiler units with wide furnaces is a difficult prob- 
lem and not yet satisfactorily solved in all cases. 


Understand that at present air supply is being auto- 
matically regulated in proportion to fuel supply and steam 
demand but on a quantity basis as measured by the drop 
in draft pressure through boiler tubes or by damper open- 
ing rather than by flue gas composition, which with most 
present forms of apparatus would involve an undesirable 
time lag in the regulating apparatus. 

Another feature which must be kept in mind in such 
regulations to avoid smoke, is that with increasing load 
the air supply must be increased in advance of the fuel 
supply and on dropping load the air supply must be, main- 
tained until after the fuel supply has been decreased. 

A practical working difficulty, which Mr. Gaster may 
have overcome, is that all the usual forms of CO, recorders 
or indicators give but little power to operate a relay for 
controlling the air supply, and as practically the whole 
range of operation would have to be confined to a varia- 
tion of 1 per cent of CO, above or below standard it will 
be seen that a slight friction drag in the mechanism would 
introduce wide variations in the results. 

For these reasons, the influence of which will be to 
produce a much more complicated and expensive apparatus 
than one based on regulating the volume of air supplied 
either by an air meter using the resistance of the boiler 
tubes as an orifice or by a cam or linkage empirically reg- 
ulated to open the damper in proportion to the fuel supply, 
I believe that effort expended along these lines with the 
use of CO, indicators or recorders as a check on their 
operation will ultimately produce greater return for the 
energy expended. : 

A great deal of work has already been done along these 
lines and the subject is ably discussed in Mr. Piggott’s 
recent A. S. M. E. paper. 


New Haven, Conn. H. D. FIsHER. 


The Human Element in the Power 
Plant 


THERE Is, in the technical press, a great deal of infor- 
mation available on methods of operation and “kinks” in 
handling equipment but it is seldom that one sees any 
“kinks” on handling that most important part of any 
organization, the man who does the work. 

Picture the various plants you have worked in. Do 
you recall the engineer who took you in, showed you the 
coal pile and scoop and where the feed water control was 
located and after giving a few directions about water levels 
told you to keep it hot? With his warning in mind, you 
kept it hot but that is about all you did do. Is it any 
wonder that the labor turnover was large? 

Have you gone into an engine room to work with a 
confirmed grouch? You soon get disgusted with the job. 
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I remember one incident where I was a week getting 
over the shock I received. I went into a large industrial 
boiler room where I was turned over to the foreman. I 
was first surprised to see a young man about my age. He 
shook hands and showed me a locker to keep my clothes, 
then he took me out and gave me a personal introduction 
to the crew. I have never yet seen a crew as loyal or as 
full of pep as the one in that plant. The plant was run 
down and in a deplorable state but we were getting results 
equal and sometimes better than many modern plants in 
that vicinity and our wages were not as high as those in 
some other plants around us. That foreman knew how to 
handle men, and was a strict disciplinarian, but he knew 
his work and cultivated that spirit of friendliness among 
his men that is so essential. Today he is occupying a 
private office and he had a man trained to fill his place 
when he left us to go on up. 

I have always tried to imitate that foreman in han- 
dling men under my charge. 

There are many courses offered in foremanship, how 
to rate the worker and all that but the best course to fol- 
low is to be human. Treat your men as you would like 
to be treated.. Be firm; be fair and know your work and 
see that it is done. The failing of many engineers is that 
they are so wrapped up in the mechanical details of their 
positions that they fail to realize that the crew they build 
up will make a larger reputation than mechanical inven- 
tions. The company officials appreciate it as it costs 
nothing more than the use of a little kindness. 

My idea of a good foreman is one who is firm and is 
fair, who does not listen to tales brought by one employe 
about another, who does not go to one employe to find out 
how his Buddy is getting along, and who is kind and 
always speaks in an even tone. 

The next time you hire a new fireman or oiler, greet 
him with a smile, show him around, offer a few explana- 
tions and tell him something about the firm’s business; in 
other words, get him to feel that he is a part of an organ- 
ization that does things, then watch him grow. 

New Kensington, Pa. JAMEs H. Cox. 


Leaky Check Valves Cause Trouble 


FREQUENTLY WE find that where two boiler feed traps 
discharge into one main pipe, as shown in the accompany- 
ing sketch, there are times both traps operate together to 
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LEAKY CHECK VALVE REDUCES CAPACITY 


furnish sufficient water to the boiler. Often both traps 
are not able to furnish sufficient water for the boilers 
although they seem to be in first class operating condition 
where this trouble exists. It is a sure sign that one of 
the swing discharge check valves at the traps is leaking 
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badly. This may be at either No. 1 or 2 trap as shown 
in the illustration at A and B. : 

I had a case of this kind some time ago where two 
traps discharged into one main pipe. One day it was 
noticed that both traps were not able to furnish sufficient 
water to the boilers although in examining the traps noth- 
ing seemed to be wrong. In thinking the matter over I 
decided to examine both discharge check valves on the 
traps, when I found that one of them leaked badly. As 
the valves were of the renewable disc type, a new disc was 
placed. After this there was no further trouble. 

When the trap with the leaky check discharged, the 
full amount of water in the trap tank would go into the 
boiler but when the trap with the tight check valve dis- 
charged and the one with the leaky valve was in the filling 
position, most of the water from the other trap would 
run into the tank of this trap through the leaky check 
valve. 


Milwaukee, Wis. H. A. JAHNKE. 


Easily Made Semi-Automatic Oiler 

In A mill where I was doing some work there was a 
large bearing which sometimes became overheated due to 
a defective oiler. The owner asked me to make up some 
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VIBRATION OF BALL ALLOWS OIL TO FEED SLOWLY 


kind of an inexpensive oil feed arrangement that would 
remedy the condition. 

I found an old 1-pt. oil cup and a steel ball. I drilled 
and tapped a hole in the ball for the 14-in. pin, B, and 
the lifting wire, D, as shown in the accompanying sketch. 
The cup was inserted in the bearing oil hole and. the 
leather washer shown was removed. The natural vibration 
of the shaft would move the ball off its seat in the bottom 
of the cup sufficiently to allow oil to feed slowly to the 
bearing. 

When the shaft was idle, the leather washer was placed 
on the pin to insure oil tightness. 

The total time required to make this little contrivance 
was about 30 min.; the cost 45 cents. 


Toronto, Ont. JAMEs E. Nostz. 
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Would a Dutch Oven Help Efficiency? 


IN THE June 1 issue on page 617, F. S. R. asks con- 
cerning the use of a dutch oven setting on a B. & W. 
marine type boiler for wood waste fuel. 

My experience has indicated that the efficiency of these 
boilers is greatly improved by fitting a dutch oven to the 
furnace. The main difficulty has been to get sufficient vol- 
ume in the furnace and to hold down the currents of air 
and gases so that they will not eat away the side walls too 
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DUTCH OVEN SETTING THAT HAS GIVEN GOOD RESULTS 


rapidly. In the accompanying sketch I have outlined a 
small arch about 6 ft. long, extending over the full width 
of the boiler, 11 ft. and furnace about 10 ft. high with 
grates of 4 by 11 ft. This gives a furnace volume of about 
3 cu. ft. per rated horsepower. I have also indicated a hol- 
low wall construction the purpose of which being to in- 
crease the life of the furnace walls and to pre-heat the air 
for combustion’ purposes. The principle that I have in 
mind is that the fuel will be dropped through the top of 
the furnace under the influence of gravity only, through 
at least two or preferably four holes. All the fine particles 
would be ignited and burned before reaching the grate. 
The walls have such a large amount of radiant surface that 
this is what I would expect to occur. The large pieces 
would probably fall clear to the grate and there build up 
in an open structure, which would enable the air to get to 
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every part and make complete combustion possible. The 
radiant walls also would drive off the moisture rapidly. 
The small grate area would insure the grates being thor- 
oughly covered so that cold currents of air would not pass 
through the furnace in zones and eat away the walls. 

Best results in wood waste installations are obtained 
where the damper is’ controlled so that pressure within 
the furnace is no more than 0.1 in. water. It is always 
to be recommended that the fuel be hogged and that it be 
carried to the furnace openings by means of chains or 
screw conveyors so that it will be dropped into the furnace 
at a regular rate. 

I have never seen this particular style of furnace in- 
stalled for wood waste burning but observation of the reg- 
ulation type of long dutch oven shows that they are ineffi- 
cient. Nearly always the furnace is full of a pile of fuel 
and the burning is all on the surface. Also, in order to 
keep the grates covered it is necessary to fire a little coal 
in addition. Particles of charcoal lodge in the tubes and 
finally re-ignite, causing damage to uptakes and stacks. 

Chicago, Ill. J. E. Hartow. 


Vacuum Pump Design 

WE HAVE in our plant a 9 by 21-in. vacuum pump 
which we use for cleaning parts of our cotton carding 
machines. This pump is driven at 254 r.p.m. by a 35-hp. 
motor and maintains a vacuum of 28.5-in. of mercury. Ex- 
perience has shown that we require only a 24-in. vacuum 
to do the work satisfactorily. How much power would I 
be able to save by running at 24 in.? Would it pay to 
install a smaller motor? At what speed should the pump 
run to maintain a 24-in. vacuum ? a 


Is the Expansion Valve at Fault? 

IN THE issue of Aug. 15, on page 873, A. M. Casberg 
makes the statement that it is a difficult matter to operate 
an ice plant in which part of the tanks are of the flooded 
accumulator type and part are not and that the tank is 
usually flooded sufficiently when there is a light coat of 
frost on the telltale pipe. He also recommends a tem- 
perature difference of not more than 6 deg. between the 
brine and the ammonia, carrying the back pressure about 
1 lb. higher than the number of degrees indicated by the 
brine thermometer. 

The great difficulty is not due to the two types of tanks 
but rather to the fact that the operator is trying to do all 
the work with one or two expansion valves while the rest 
of them remain partly closed or clogged up with small 
particles of dirt. 

The telltale pipe will tell the same tale with only one 
expansion valve open as it will with a dozen. In this case 
the one valve will be considerably wider open than the 
others, the temperature of the brine will remain higher, 
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the back pressure will be low and the backfrost line will 
be easy to regulate with this one valve. 

lf the temperature of the brine is 15, and the ammonia 
9 deg., the back pressure will be not less than 22 lb. To 
do this and yet carry the back pressure 1 lb. higher than 
the temperature reading is impossible, considering the 
6-deg. difference between the ammonia and the brine. 

Kansas City, Mo. © J. M. HINEs. 


Heating Surface Required for Dry Kiln 
F. S. R., in THE Aug. 15 issue, inquires as to the addi- 
tional amount of radiation required to bring the enamel 
kilns at his plant to a proper temperature. 
The heat loss through the sides of the kiln may be ex- 


pressed as H=KA (t,t) 
Where A, is the total wall area of the kiln; k, the average 
coefficient of heat transmission; t,, the average outside 
temperature; t, the average temperature in the kiln. 
A is a constant and K may be considered so, for the 
small variation in temperature involved in this problem. 
Let us first consider the kiln operating in the summer 
time with an average outside temperature of 80 deg. F. 
The heat loss is therefore 
H = KA (147—80) or 67 KA 
To maintain a temperature of 160 deg. F in the kiln, 
however, the heat loss would be 
H = KA (160—80) or 80 KA 
The ratio of the radiation required to that installed is 


therefore 80 —- 6Y or 1.19 


Considering next an average outside temperature of 
50 deg. F., the heat loss with the present radiation is 
H = KA (147—50) or 97 KA 
and with the kiln at 160 deg. and 
H = KA (160—50) or 110 KA 
110 -—- 97 = 1.135, ratio of required to instalied radiation. 
I would say to provide for the first case and either 
raise the steam pressure 14 lb. or bring the total radiation 
up to 
1.19 350 or say 420 sq. ft. 
Chicago, Ill. R. J. Pask. 


Piston Ring Clearance 

On PAGE 872 of the Aug. 15 issue, C. O. H. asks con- 
cerning the allowance for piston rings. For practical 
operation a ring should have a clearance sufficient to take 
care of the heat expansion but it must also be taken into 
account that foreign matter like baked oil or a burr can 
occur between the two ends and fill up some of the space. 
Some cast iron “grows” so to say in contact with super- 
heated steam. 

For a-32-in. ring, 7g in. is not enough. Theoret- 
ically it would be .312 or + in., but the ring never 
reaches the temperature of 150 deg. F. superheat (515 deg. 
F. total temperature). I would allow ;; in. and use a 
step cut ring, the lap length equal to the width, with 
rounded corners made by drilling holes so they would not 
break too easily. I never use bevel-cut rings singly in a 
groove because as they wear they get worse. 

It is possible that all the pounding mentioned is ined 
by the rings; the piston probably runs hot and the pound- 
ing may be felt also at the crosshead and connecting rod. 
Such a ring costs at least $10 and often it is worth mak- 
ing babbit lined rings. It is more work than a common 
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one but many times is the only cure for the extreme wear 
and pounding. 
- Death Valley, Cal. Cus, LABBE. 


Measuring Boiler Blow-Down 

In THE July 15 issue, on page 772, G. W. G. asks for 
a method for measuring the quantity of blowoff from a 
boiler. 

By making careful measurements of the length and 
cords at various water levels, a fair estimate can be made 
of the volume and weight blown down by simply noting 
the position of the water level in the gage glass. By mak- 
ing a series of these measurements the gage glass can be 
calibrated to show the weight of water in the boiler at 
various levels or the difference between any two levels. 

In calibrating the gage glass, variations in the density 
of water at different temperatures should be taken into 
account. It is convenient to calibrate the glass at about 
14-in. intervals. 

Care should be taken that while blowing down, the feed 
pump should be stopped and the steam flow should be at 
a minimum. 

Roughly speaking, blowing down 2‘in. on a 66-in. by 
18-ft. return tubular boiler with the water at the normal 
level, 4 in. above the upper row of tubes, will discharge 
about 1000 lb. of water. 


Toronto, Ont. JAMES E. NOBLE. 


Surface Required for Water Heater 


I wish to heat 1500 gal. of water per hour from 35 to 
200 deg. F. with low pressure steam. What size pipe 
should be used for best results and how many feet will be 
required? Steam will be taken from a low pressure boiler 
at 5 lb. pressure. H. O. A. 

A. The most economical method of heating water 
with steam where the steam is free from oil, is actually to 
mix the two. In this way, of course, it is possible to obtain 
a 100-per cent heat transfer. 

To heat 1500 gal. or 12,500 lb. of water per hour from 
35 to 200 deg. F. or through-a range of 165 deg. F. re- 
quires 12,500 XK 165 = 2,060,000 B.t.u. per hr. If the 
heating is done indirectly, through the medium of a steam 
coil, it would probably be necessary to discharge the con- 
densate at a temperature of about 212 deg. F. At 5 lb. 
pressure the heat available from 1 lb. of steam condensing 
at 212 deg., is 1155 — 212 + 32 = 975 B.t.u. The 
amount of steam required, then, to supply 2,060,000 B.t.u. 
per hr. would be 2,060,000 —- 975 = 2120 lb. per hr. 

The mean temperature of the water in being heated 
from 35 to 200 deg. is practically 117.5 deg. The steam 
temperature at 5 lb. gage pressure is 228 deg. F., 
consequently the mean temperature difference is 228 — 
117.5 = 110.5 deg. F. It may be safely assumed that the 
factor of heat transmission from the steam to the water 
through the tube, where there is no positive circulation, 
would be about 100 B.t.u. per sq. ft. of surface per deg. 
difference in temperature per hour. As the mean tempera- 
ture difference is 110.5 deg., the heat transmission will 
amount to 110.5 & 100 = 11,050 B.t.u. per sq. ft. per hr. 
The amount of surface required may then be found to be 
2,060,000 -- 11,050 = 187 sq. ft. If 114-in. pipe, which 
has about 2.01 feet length per sq. ft. of external surface, is 
used, 187 X 2.01 = 375 ft. will be required. 
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Condensate from the World’s Power Plant 


ANALYZED FOR Quick StuDY AND Comparison. By WILLIAM SIBLEY 


The Mark of the Illiterate 


Omar, the Persian tentmaker, gave utterance to death- 
less truths in his immortal “Rubaiyat.” And while we 
may find it impossible to subscribe to all his philosophy 
there is one verse, we believe, that is acceptable to all: 


“The moving finger writes: and having writ, moves on: 


Nor all thy piety nor wit 
Shall lure it back to cancel half a line, 
Nor all thy tears wash out a word of it.” 


How fitting that is when one thinks in terms of votes. 
The American citizen, entering a curtained booth, takes 
pencil in hand and marks the names of the men on whom 
he hopes to rely for good government throughout the 
ensuing years. It is the one opportunity for the Amer- 
ican to signify his choice of all those popularly chosen for 
leadership. 

Voting is an American birthright, and it is our duty, 
as Americans, to take advantage of and exercise our birth- 
right. 

Have you decided upon your choice of men? Have 
you yet selected, from those available, him who in your 
judgment would best meet the requirements of chief execu- 
tive? Far be it from us to influence you in your selection. 
Politics is outside the bourne of technical journalism. 
But mark well Omar’s truth. Once signified, your choice 
is beyond recall. 

Character is the first needed quality of a President of 
the United States. Brains and ability he needs too but 
more than those he needs character. The best brains and 
greatest ability are at his command. Leaders in every 
profession, however busy or great, will drop their personal 
matters to answer the call of the President and from this 
counsel almost any candidate could discover what was 
right as well as what was wise. But it takes moral stamina 
—character—to act on that knowledge. That is why char- 
acter is paramount over all other requisites in Presidential 
timber. Only character can give a man the strength nec- 
essary to withstand misrepresentation, defection and dis- 
loyalty. 

Mark well Omar’s truth. Then mark well your ballot. 


Business Is Good, Thank You! 

According to the National Industrial Conference Board 
the tide of business is rising. Their conclusions are that 
the corner has been turned and that generally speaking, 
business is on the upgrade. To quote from their semi- 
annual report: 

‘During July, 1924, a considerable betterment in senti- 
ment has taken place, for although production has not 
increased materially, inquiries in respect to orders are more 
numerous. Trade sources indicate that June marked the 
low point in business so far this year, and that the turn- 
ing point has been reached. Exports for the first six 


months were 7.4 per cent greater in value than for the 
first six months of 1923.” 

The board points out that the index of production in 
basic commodities as compiled by the Federal Reserve 
Board for the first six months of 1924 shows an increase 


over the average index figures for any year since 1920. 
From 1920 to 1923 inclusive, the average was 94; for the 
first six months of 1924—111. The report also points out 
that unemployment is on the decline and that now it 
exists noticeably only in certain industries and in par- 
ticular trades. 

Last week we had occasion to look over about 160 dif- 
ferent trade journals. After having gone through about a 
third of them we were struck with the similarity of state- 
ments of good business. We conceived the idea of jotting 
down the titles of some of the lead articles. Some of those 
we copied were: “Outlook for Business Encouraging,” 
“Recent Gains in Trade Noted,” “Eighteen Banks to 
Reopen,” “General Trade Gain Presaged by Silk Rise,” 
“Grain Prices Spell Prosperity,” “Symposium Says Trade 
Looking Up,” “Increased Number of Orders Character- 
ized June,” “Trend of Buying Upward,” “Leathers and 
Textiles Show Gain,” “Trade Shows Improvement,” etc. 

Yes, thank you, business is good. ; 


A Lesson in Economics 

If you own an expensive watch and take it to a skilled 
watchmaker to be repaired, whose watch is it after he has 
fixed it? Does it still belong to you or does it now belong 
to the man who worked on it by virtue of his labor? 

To whom does the control of the watch belong? Does 
the man who worked upon it, by that labor, gain the right 
to decide whether he will hand it back when you have paid 
the bill, or can he sell it-and divide the proceeds with 
you? 

The worker has every right to a fair, even generous 
return for his labor. He has every right to reasonable 
hours and good working conditions. If methods of sani- 
tation or operation are improved, if equipment is devised 
that wiil lift the burden of drudgery from his shoulders, 
he has every right to be accorded the benefits of those im- 
provements. He has the right to offer his services for sale 
as well as to withhold such services. But certainly his 
labor gives him no right to control an industry since it 
gives him no title to ownership. 

There is a well-directed movement on foot to throw the 
ownership or control of the railroads into the hands of the 
government. Since all of us are the “workers,” regard- 
less of our particular capacity, the workers of the United 
States form the government. Hence the movement would 
give control, if not direct ownership, of the railroads to the 
workers. If the answer to the second paragraph is “No” 
—how can the worker, by virtue of his labor, expect the 
title of ownership to the various transportation systems ? 

We need again a primary lesson in economics. 


Storing Coal Without Danger of 
Spontaneons Combustion 


When bituminous run-of-mine coal is stored in piles 30 
ft. high and allowed to remain in storage for long periods 
of time, without the slightest danger of spontaneous com- 
bustion, the method of storage is worthy of note. This has 
been done repeatedly at the Chester, Pa., station of the 
Delaware County Electric Co. 
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A locomotive crane, equipped with a 114-yd. grab 
bucket, stores the coal out in piles reaching upwards of 30 
ft. In order to prevent internal heat or spontaneous com- 


_ bustion, the coal is delivered rather evenly over the piles 


in successive layers 3 or 4 ft. deep. Each layer is packed 
down with a heavy roller drawn by a crawler tread tractor. 
The roller seals each layer by its crushing or packing 
action, which prevents the entrance or circulation of air. 
Coal has been allowed to remain in storage in this man- 
ner, in quantities ranging upwards to 125,000 T., for 2 
yr.—then found, upon reclamation, to be entirely free from 
internal heat. 


1923 Wages in Thirteen Cities 


Following is a tabulation of wages paid to various 
crafts, using London as a basis for calculation. Note 
America’s standing in comparison with all other industrial 
cities. 

Credit must be given to the British Ministry of Labor 
Gazette for this table. 


INDEX NUMBERS OF COMPARATIVE REAL WAGES, 1923— 
(LONDON, 100) 
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Buy Your Coal Now 


According to the U. 8. Geological Survey, soft coal 
production of this year is far below that of 1923. 
Up to the 30th of August, or in the first 206 working 


‘days of this year, only 294,629,000 tons of bituminous coal 


had been produced, compared with 366,349,000 tons in the 
same period a year ago. 

Production for the week ending Aug. 30 totaled 8,733,- 
000 tons which total was 3,004,000 tons under the same 
week in 1923. 

The “Railway Age” believes the extremely slow coal 
movement and the depleted conditions of domestic and 
industrial coal reserves, coupled with public apathy toward 
the necessity for buying coal now, will work havoc to both 
coal and transportation companies when once cold weather 
has set in. An article in a recent issue of that publication 
says: 

“The railways at present have about 170,000 coal cars 
in good condition rusting their wheels on side tracks be- 
cause they are given no coal to haul, and industrial con- 
cerns and domestic consumers, with astounding lack of 
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foresight, are persistently refusing to buy coal in normal 
quantities. 

“The railways have demonstrated repeatedly that they 
can easily handle all the coal that is required if they are 
given a chance to handle it in a volume that is anywhere 
near uniform. They cannot haul it economically or satis- 
factorily when shipments fluctuate 50 to 75 per cent be- 
tween different seasons. The huge seasonal shipments clog 
the transportation machine and when the machine becomes 
clogged, the demands for coal soon exceed the supply and 
abnormal prices result. Business concerns and domestic 
consumers in the long run pay for these vast fluctuations 
in coal shipments in unnecessarily high transportation 
costs and unnecessarily high coal prices.” 

If you haven’t yet purchased your winter’s supply of 
coal—buy it now. 


Reduce Working Forces—Not Wages 

Except for the radio, or the air service, neither of 
which yet justify the characterization of “industry,” the 
automotive is our “infant” industry. That is, “infant” 
in point of years. 

Though our youngest industry it is one of our huskiest, 
for it now ranks third or fourth among those going to 
make up commerce. In spite of its age, however, it has 
perhaps taught us more about production methods, the 
value of automatization, and general manufacturing pro- 
cedure than any other industry. 

Now, they come forward with another lesson which al- 
most every phase of commerce may well example. This 
time the lesson does not appertain to the moving of ma- 
terials or the automatizing of processes. Rather to the 
department of management. 

The automotive industry has not been producing the 
large volume of cars they did during 1923. And in meet- 
ing this production slump they have learned that wages, 
in themselves, do not constitute a major part of manu- 
facturing costs. They have proven for themselves that a 
decrease of 10 per cent in wages many times means less 
than 1 per cent in unit manufacturing cost. Learning 
this lesson they have cut working forces rather than wages. 

On many occasions, wage reductions are necessary and 
justifiable. Sometimes the expense of labor turn-over is 
greater than the decreased efficiency resultant from wage 
reductions. As a general rule, however, the automotive 
industry employs a reduction of working forces rather than 
wage scales to accomplish their desired end of diminished 
overhead. Contrary to some other industries they take 
unit costs as a basis of analysis instead of that of gross 
expenses, 

The definite and practical money-making value of con- 
tented and enthusiastic workmen has not yet been ac- 
corded the universal recognition it justifies. 


TIME was when the Mediterranean Sea was the center 
of the earth. But the world moves apace and the center of 
commercial and military activity today is the Atlantic 
Ocean. 

The time is coming when the Atlantic will be relatively 
as important to the Pacific and the world, as is the 
Mediterranean to the Atlantic. 


BEING INTOLERANT means that you have broken your 
steering wheel and are stepping on the gas. 
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EDITORIAL COMMENT 











Mathematical Formulas in 
Graphic Form 


Why should a man do his work in the most difficult 
way possible when he has at hand a means that is suffi- 
ciently accurate, will save time and requires but little 
mental effort to use? We refer to mathematical calcula- 
tions which should be a part of every man’s daily task in 
the power plant but so frequently are never performed. 

All mathematical calculations are made up of simple 
addition, subtraction, multiplication and division. Few 
men hesitate at any of these simple computations even 
though they do take considerable time and extreme care 
when done by ordinary arithmetic. It is the involved equa- 
tion made up of several of these computations that fright- 
ens the average man into mathematical paralysis. 

From the beginning of mathematical history men have 
endeavored to shorten calculations and, with this end in 
view, have devised the different branches of the science, 
such as algebra, geometry, trigonometry, graphic algebra, 
analytics and calculus, each of which is based on laws gov- 
erning the relation of numbers and is applicable to the 
quick solution of specific problems. To use these methods 
to advantage, however, requires a well drilled, master mind. 

Within the scope of the present generation, those who 
need to make calculations of a complicated order have 
been given more convenient aid in the form of charts 
which in fact are nothing more than measuring scales to 
be used in a specified order for the solution of a particular 
mathematical formula. With proper care in their design 
and construction they are as dependable as the slide rule 
which has come to be used with a confidence equal to that 
of the multiplication table. 

Notwithstanding this, many engineers, not only those 
who are not mathematically inclined, but others who are 
adepts with the slide rule and familiar with the solutions 
of algebraic formulas of all kinds, pass up the aid avail- 
able in the graphic calculating chart as being too com- 
plicated for them to understand or not sufficiently accurate 
for their purpose. There are of course good reasons for 
both of these objections but the men who hold such views 
usually magnify these faults to the point where they class 
all charts as impracticable. 

These same men will, without a question or doubt, use 
the yard ‘stick, protractor, micrometer, balances, spring 
scales, transit, pressure gages, flow meters, electric meters, 
planimeter and depend on their readings to the third or 
fourth figure and yet they would have extreme difficulty 
in checking up the accuracy of their instruments. To 
check a calculating chart requires only the working out 
of a few problems by long hand in addition to their solu- 
tion on the chart. 

Many bunglesome charts have been designed but the 
science is becoming simplified to the point that any person 
who can read a scale can use the chart with an accuracy 


equal to the data from which the calculations are made. 
With such an aid the daily calculation of heat balance and 
efficiencies becomes work of but a few seconds whereas the 
ordinary methods will not be used except on rare occasions 
when it is suspected that something is decidedly wrong. 

Let’s make our work as easy as possible consistent with 
the accuracy required, put our frequently used mathemati- 
cal formulas into graphic form and save time in making 
daily calculations. 


Thermodynamics Essential in Under- 
standing New Practices 


If you wish to secure a definite conception of thé rea- 
sons behind the new developments in power plant practice 
such as regenerative feed water heating, reheating and 
high boiler pressures it is necessary to get out the thermo- 
dynamic textbooks and review the theoretical considera- 
tions which lie back of these developments. Practically the 
whole story of these latest attempts to raise power plant 
efficiency is built around a study of the Carnot and 
Clausius’ cycles. 

Ordinarily it is rather difficult to explain these prin- 
ciples in simple, easily understood language. Sir Charles 
Parsons, England’s eminent turbine designer, has, how- 
ever, covered these points so clearly and so concisely in a 
paper on Steam Turbines which he presented before the 
World Power Conference, that we wish to quote three 
pertinent paragraphs. In commenting on these phases of 
power plant development he stated that: 

“Advance in the direction of increasing the thermo- 
dynamic value of the heat in the steam without unduly 
increasing the maximum temperature, is being made by 
increasing the mean temperature of heat reception. One 
method of effecting this is the adoption of regenerative 
feed water heating, by using steam tapped off from suc- 
cessive stages of the turbine. The necessity to heat the 


feed water, that is, to reheat the water of condensation is. 


the defect of the Clausius’ cycle. If, however, a perfectly 
regenerative process could be employed for heating the 
feed, the efficiency of the Clausius’ cycle for saturated 
steam would be brought up to that of the Carnot cycle. 
In such a process the steam tapped off has been expanded, 
doing work in the turbine, down to the temperature at 
which it is required to heat the feed water. Since a cer- 
tain amount of heat is required for this purpose in any 
case, the work obtained from the tapped off steam is ob- 
tained merely at the expense of additional heat equal to 
the work done, or, in other words, at 100 per cent effi- 
ciency. Expressed in another way the utilization of some 
of the heat of the steam to heat the feed water reduces 
the amount of heat lost by condensation in the condenser. 

“As a second method of increasing the mean tempera- 
ture of heat reception, an advance might be made, if, after 





0 ies bes 4k kl 





24 


le. 
nd 
he 


ns 


ti- 
ng 


a= 
ice 


LO- 


ar- 


yb- 


er 








POWER PLANT 


October 1, 1924 


superheat to the maximum temperature, further heat 
might be added so as to maintain isothermal expansion 
throughout the initial stages of the turbine. This could 
only profitably be carried to such a point that subsequent 
adiabatic expansion in the turbine to the condenser vacuum 
would leave the steam just saturated. Such a method (of 
preliminary isothermal expansion) was proposed many 
years ago but the mechanical difficulties in the way to its 
complete realization would appear to be insurmountable. 
An approximate solution, however, is being worked out 
at the present time; in some installations the steam, after 
a certain amount of expansion in the turbine, is extracted 
and raised again to a high temperature in a re-heater 
before re-entering the turbine. Reheating has also the 
additional advantage of extending the range within which 
superheating exists and of diminishing the range where 
moisture and consequent loss by water resistance or in- 
creased viscosity exists. 


“A third method of attacking the same problem is to 
increase the mean temperature of the heat reception by 
increasing the boiler pressure. With a boiler pressure of 
250 lb., a final temperature of 750 deg. F. after super- 
heating, and a feed water temperature of 79 deg. F., the 
mean temperature of heat reception is about 360 deg. F. 
But if the boiler pressure is increased to say, 2000 Ib., 
still superheating to 750 deg. F., then since the latent heat 
is received at the increased temperature of the boiler, the 
mean temperature is considerably increased, namely to 
480 deg. F. If, in addition, we assume the water is fed 
into the boiler at the boiling temperature by means of 
feed heaters, in cascade in each case, instead of at 79 deg. 
F., the mean temperature of heat reception is increased 
in the one case to 430 deg. F., and in the other to 680 
deg. F.” 


Since fundamental principles are so essential in under- 
standing these developments it will be well worth while to 
review the Carnot and Clausius’ cycles where recollections 
are hazy as to just what these cycles mean. For those who 
have not had an opportunity to study thermodynamics it 
will be money well spent if an elementary book on the 
subject is secured. 


Keeping Up with Instrument Progress 


If the engineer had to depend only upon his senses for 
information relative to what goes on in the equipment 
under his charge, he would, indeed, be severely handi- 
capped. His senses of vision, hearing and touch in spite 
of the marvelous organization behind their production 
would tell him practically nothing so far as ‘quantitative 
values are concerned. In an effort to determine the tem- 
perature of the feed water, for instance, he might place 
his hand on the feed line, but beyond burning his hand 
if the pipe happened to be hot, that act would tell him 
nothing. To be sure, he would know whether the water 
was hot or cold but whether its temperature was 204 deg. 
or 220 deg. would remain a mystery to him. 


To determine the temperature accurately he must use 
a thermometer. This device in spite of its mechanical 
simplicity is far more sensitive to temperature changes 
than one’s hand and much more satisfactory from a phys- 
iological standpoint. 
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The same condition prevails for almost every other 
quantitative measurement made in the power plant. 
Whether it be in weighing a ton of coal, measuring the 
speed of a shaft, or determining the voltage of a generator, 
in each case the use of some instrument or meter is essen- 
tial. Instruments and meters are the artificial eyes which 
enable the engineer to overcome his inherent blindness to 
the accurate perception of natural phenomena. Without 
them he is almost totally blind. 


Consider the eye. This organ, with its wonderful power 
of visual perception, is one of the most important in our 
body, yet it is sadly lacking as a frequency indicator. On 
the entire scale of electromagnetic vibrations, which extend 
from some three hundred million, billion cycles per second 
to about 20 cycles per sec. the eye is capable of detecting 
less than one octave on this enormous scale. In other 
words, the eye detects only those vibrations which we term 
visible light waves, and which vary in length between 39 
and 76 millionths of a centimeter. If we wish to detect 
waves outside of these wave-lengths, we must resort to the 
use of frequency meters, radio receivers, fluorescent screens 
and photographic plates. With these instruments we aug- 
ment the power of the eye a thousand fold. 


Similarly, in a thousand and one ways, instruments of 
various types extend the power of the engineer in the 
plant. A knowledge of instruments and their application 
is therefore of vital importance. 


To this end, every engineer should make it a habit to 
acquaint himself with developments in the instrument field 
so that he may avail himself of such new instruments as 
will be of use to him. A knowledge of what may be ac- 
complished by the use of certain instruments may often 
clear up mysterious causes of trouble. 


A case in point is the portable oscillograph developed 
within the past few years. To most technical men the word 
oscillograph is suggestive of the laboratory—something not 
adaptable to every day use in the plant. And until the 
portable oscillograph was perfected, this was correct; the 
oscillograph was purely a scientific instrument used in the 
laboratory only. In the portable oscillograph, however, we 
have a fairly rugged instrument which has a number of 
extremely useful applications in the electric power plant. 


In the operation of transformers, for instance, certain 
mysterious cases of heating were, when subjected to oscillo- 
graphic tests, found to be due to the circulating third 
harmonic current in the transformer bank. In the parallel- 
ing of alternators, the portable oscillograph finds applica- 
tion in determining the wave forms of the machines and 
thus predict their performance when operating in parallel. 


Now, it is not the purpose of this editorial to suggest 
that every engineer buy a portable éscillograph, indeed, if 
anything it would be the contrary, for only one plant in a 
hundred might have sufficient use for it to warrant its pur- 
chase. The thing which we wish to point out, however, is 
that such an instrument exists and that at times it may 
prove extremely useful. At such times, any progressive 
engineer will no doubt be able to obtain the use of one for 
purposes of testing. 

Similarly, a knowledge of other instruments may help 
him out of other difficulties. The mere knowledge of the 
means of diagnosis is half the battle won in running down 
any case of trouble. 
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Technical Program Featured by N. A. S. E. 


SuccessruL ExHisir AND TECHNICAL DISCUSSIONS 
Marks 42Np ANNUAL CONVENTION AT GRAND RAPIDS 


NTHUSIASM and success marked every phase of the 

N. A. S. E. convention which took place at Grand 
Rapids, Michigan, during the week of September 8. This 
was evidenced by the great number of excellently ap- 
pointed booths at the power plant equipment exhibition 
and in the interest which was displayed by the members 
of the associations both in the equipment display and in 
the transaction of association business. One feature of 
particular interest to all of those in attendance was the 
program which had been prepared by the Technical Paper’s 
Jommittee. This program was extremely broad in its 
scope and covered many of the most vital problems with 
which engineers are confronted today. 

Labor and horsepower, both here and abroad was the 
subject presented by Chas. M. Ripley, electrical engineer. 
This paper was based upon personal observation and study 
and it disclosed that American enterprise has harnessed 
the powers of electricity and steam to produce the com- 
forts of life and its necessities in great abundance and 
in this respect American achievements are in marked con- 
trast to the lack of development in Europe. 

As a result of American utilization of power the people 
as a whole draw the benefit of higher wages and a larger 
abundance of the commodities of life which make for a 
higher and a better standard of living. 

In Europe, Mr. Ripley says, it is not uncommon to 
see men taking the place of dray horses or huge canal 
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boats are slowly and laboriously moved for comparatively 
long distances by men operating huge oars. In contrast 
to America, where that kind of work is performed by 
mechanical power, it gives some phases of Europe’s in- 
dustrial development the aspect of the slave labor which 
was used to construct the pyramids or which manned the 
Roman galleys. 

By using mechanical and electrical power in as great 
a degree as possible we have succeeded in raising the Jabor 
of man to a higher level, we have made him more pro- 
ductive and given him greater privileges. 


Water Power DEVELOPMENT WILL Not ELIMINATE 
FUEL SUPPLY PROBLEM 


With regard to the application and use of water power 
in America, Mr. Ripley quoted Steinmetz, with whom he 
was an intimate associate for a number of years. “If 
America were to use every drop of water within its boun- 
daries not excepting water for drinking, household use or 
sanitary purposes, it could not develop horsepower be- 
yond that which is required for the uses to which it is 
put at the present time.” This emphasizes more than 
ever the urgency of fuel economy. 

Following this talk several initeresting motion picture 
reels were projected on the screen showing the manufac- 
ture of small household utility motors and the manu- 
facture of the modern X-ray tube. Views were also in- 
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cluded showing wrist, elbow, knee, and foot bone motions 
as made possible by the X-ray. 

Two score years of power development was the sub- 
ject upon which Fred R. Low, president of the A. S. M. E. 
spoke. This talk covered a review of the many wonderful 
advances which have been made during the lifetime of 
the N. A. 8. E. 

Another paper which created widespread interest was 
that on the subject, The Application of Powdered Fuel in 
the Newest Power Plants by Frederick A. Scheffler, man- 
ager power department, Fuller-Lehigh Co. This paper 
stated that the velocity of gas through the furnace setting 
could safely be figured at 7 to 10 ft. per sec. and that 
with this range in velocity no excessive erosion of first 
grade brick work would occur. It was also stated that 
a furnace volume of 2 cu. ft. per rated b.hp. would per- 
mit taking short peak loads and indications are that by 
using a special firebrick, the furnace volumes of the 
near future can be reduced to about 75 per cent of that 
employed in present practice. 

This paper was concluded by an illustrated talk on 
the new powdered fuel installation which has recently been 
made at the T'renton Channel plant of the Detroit Edison 
Co. 


THREE PAPERS PRESENTED BY TITLE 

Three papers were read by name only, this being due 
to the absence of the authors because of the pressure of 
personal business. These papers were: Automatic Com- 
bustion Control Systems, by Charles H. Smoot of the 
Smoot Engineering Corp. Operation of Large Unit 
Boilers at High Ratings, by Dr. Edgar Kidwell of the 
Kidwell Boiler Co. Recent Developments in Ice and 
Refrigerating Plants, by Halbert P. Hill, Cons. Eng. 
This last paper appears as an abstract on other pages of 
this issue. 

The electrical side of power plant work was presented 
by Val A. Fynn, Cons. Eng., who gave an illustrated talk 
on the Fynn motor which will operate as a synchronous 
motor at any load up to 150 per cent of rating, above 
which it will automatically change to operate as a straight 
induction motor: with a reduction of load it will again 
automatically return to synchronous operation. 
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Two papers were read on the subject of the Diesel 
engine as a power unit. The first was that by Lacey H. 
Morrison in which he pointed out that in any plant small 
economies might be made by close attention to supplies, 
water, lubricating oil and like incidentals, but the main 
hope for a substantial reduction in the cost of power gen- 
eration lies in the fuel and labor items. The attention 
of power plant designers is centered upon these two items 
and as a consequence each new plant calls for larger and 
more economical prime movers, both turbines and boilers. 

Surveys show that the fuel consumption of the small 
steam plant cannot be made to equal the records made 
by the large plants. It is for this reason that the engi- 
neer should be interested in the oil engine since this type 
of prime mover does hold the offer for relief from the 
excessive production costs of labor and fuel. 


ADVANTAGES OF OIL ENGINES POINTED OUT 

Special advantages which were pointed out for the 
Diesel engine were as follows: It shows practically the 
same fuel consumption regardless of its size; the Diesel 
engine operates efficiently over its entire load range; un- 
like most prime movers the oil engine has a sustained 
efficiency during its life; and, a careful investigation of 
the oil engine will show that except in those industries 
where a large amount of process steam is required, the 
Diesel engine will produce power at a cost equal to or 
less than the cost in the large central stations. 

Diesel Engine Power Plants was the second oil engine 
paper of this session. This paper was presented by Louis 
R. Ford, of the Morse Dry Dock and Repair Co. This 
paper, an abstract of which appears in this issue, discusses 
the designs, construction and operation of the Diesel 
engine. 

Two papers were presented which dealt with boiler 
room instruments. One was prepared by E. G. Bailey, 
of the Bailey Meter Co., who called attention to the fact 
that there has been an increase in the percentage of the 


‘total heat in coal lost through the condenser; this con- 


dition having been brought about by better boiler room 
efficiency. The present tendency, however, towards stage 
reheating will bring about a further change in this figure, 
lowering it so that the. boiler plant will have to look for 











POWER PLANT 
1028 ENGINEERING 


October 1, 1924 








Exhibitors at N. A. 8. E. Convention 
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W. M. Ackerman Electric Co................:. Grand Rapids Keystone Lubricating Co.................. Philadelphia, Pa. 
Allington MER MRR: 990. aa nance ae ow sas a New York, N. Y. King Refractories Co., Inc................006: Buffalo, N. Y. 
Allis-Chalmers Mfe. Co.................000- Milwaukee, Wis. A. B. Knowlson Co..............-.....0eeeees Grand Rapids 
American Steam Pump Co............... Battle Creek, Mich. The George T. Ladd Co..................005- Pittsburgh, Pa. 
PCHOR SOMCRANE 900s. 5 oa i sone siecvevcaben s Philadelphia, Pa. Leitelt Iron Works..................seesse0-- Grand Rapids 
We ROTI AOD, os. 5o6.s 0's @ 5.0. od ahcawae Se Cleveland, Ohio <A. Leschen & Sons Rope Co..............-.45- St. Louis, Mo. 
Armstrong Machine Works.............. Tiree Rivers. Mith,  Wewis WBCTIC G0. ois ns eek eee ecw eee cns Grand Rapids 
Arrow Boiler Compound Co..................- St auonte io, Sepik Sine Borate 000s 6k sk ses ch cc esiee etek Chicago, Ill. 
The PUM DOAUE 490s 6 a sce s00505 kbc 808 E. Cambridge, Mass. C. J. Litscher Electric BO 450. b Gane Sob ENee see Grand Rapids 
EE Sib s dass aensdnss ce beenee Cleveland, Ohio The Lunkenheimer Co..................-+- Cincinnati, Ohio 
TI sie da habs obs induce hea caked Philadelphia, Pa. Manning, Maxwell & Moore, Inc............ New York, N. Y. 
Barclay Ayers & Bertsch Co.................. Grand Rapids The Mason Regulator Co....Dorchester Center, Boston, Mass. 
The Bennett SUDO AOD 5s 556s Ais eee Muskegon, Mich. McCullough Mfg. Co.................055- Minneapolis, Minn. 
Bee Mistow Arch Op... ...5..0000ccscensed Detroit, Mich. McLeod & Henry Co.............:e.cceeeeeeeees Troy, N. Y. 
Birch MEMEO Bee eo ais bo Sat wks we kaackocec eee Chicago, Ill, McMullen Machinery Co ..........++ee-seee: Grand Rapids 
Bousman ERE ODD Set a i Gio Ge Bio a a. cco Grand Rapids, Mich. Metzgar Company, Imc............++seeseeeee Grand Rapids 
S. F. Bowser OO MOR Sos is Sika ako sooeee ee Fort Wayne, Ind. Michigan Boiler & Tron Works......... 000.00 Grand Rapids 
Ue) OL 6 a rh een en ery: Cleveland, Ohio Morehead Mfg. Co.............seeeeceececees Detroit, Mich. 
EE cud cide ucckeswavdssrsvaoed ce St. Louis, Mo. Multiplex Packing & Rubber Co.............+- Toledo, Ohio 
NE I OI 6 oe ik as cnvansviwas csoue cde Chicago, Ill. National Engineer .............-.. see eeeeeaes Chicago, Ill. 
ct stes jotth-cluepthea: ty: SEE eee Chicago, Ill. National Tube Co............eeeeee eee eens Pittsburgh, Pa. 
Chicago Metallic Packing Co........ ........... Chicago, Ill. Nordberg Mfg. Co.............+-.- Milwaukee, Wis. 
Jas. Clark, Jr., Electric Co...............005- Louisville, Ky. Wm. W. Nugent & Co...........seeseseeeeeeces Chicago, Ill. 
Gepper Belt Lacer Oo... ............eseecees Grand Rapids Oliver Machinery Co...........eeesceeeeseees Grand Rapids 
Combustion Engineering SID cawawscn cone ceee Detroit, Mich. Otis Elevator Co............eeeseeeeeeeeee New York, N. Y. 
D. Connelly Boiler Co...............0c00000. Cleveland, Ohio The Permutit Co..............0.s eee eeeee, New York, N. Y. 
Consumers Power Co..............0cccecuueee Grand Rapids The Perolin Co. of America..............+e0-00- Chicago, Ill. 
Coon-DeVisser CODES Arete he ee een ee ee Detroit, Mich. Phoenix Sprinkler & Heating Co............... Grand Rapids 
crane Packing Co... soos csscycascoenes Paimera. N. ¥,  Wioneer Rubber Mills... «2.0.65... 0secenes New York City 
Us Sa 01S Pe en meee De ee ORD Chicago, Ili, C. 0. Porter Machinery Co..................-- Grand Rapids 
Dean Brothers Oo... 02... 6. . cc cccccccese Indianapolis, Ind. The Wm. Powell CURSOR a nen pares Pokerary se Cincinnati, Ohio 
Dearborn Chemical Co..................ceeeeee Chicago, Ill. POWET. ...0202-ccccecescescccscocceceecees New York, N. Y. 
De Laval Steam Turbine Co..................00. Chicago, Il], Power Plant Efficiency Co.............+.+. Indianapolis, Ind. 
PEF EEPIRGRECNOD Sco. os suis So dose pas ancraws cues Chicago, Ill. Power Plant Engineering .............+..+.-..- Chicago, Ill. 
NE SD 550 Sib ste hs 6bbkashewine 044 Detroit, Mich. Quaker City Rubber Co. ... 2.26055. Philadelphia, Pa. 
Diamond Power Specialty Corp................ Detroit, Mich. Quigley Furnace Specialties Co., Inc.......New York, N. Y. 
Joseph Dixon Crucible Co..............008 Jersey City, N. J. Reliance Gauge Column Co.............-.+-. Cleveland, Ohio 
Durametallic Corp. ...y.........ccccecce0: Kalamazoo, Mich. Republic Flow Meters Co............+++eeee ees Chicago, Ill. 
Economy Fuse & Mfg. Co..............cceccces Chicago, Ill, Richards Mfg. Co...........- cece e ener eeeeee Grand Rapids 
cL! te © ERO See ae ee eae eee Jeannette, Pa. Richards-Nicklin Co............+seseeeeeeees Detroit, Mich. 

ane Dagonda Mfg. Co........0.06000s006 Springfield, Ohio Richardson Scale Co...... Oe eRe Chicago, Ill. 

(i ge. | SS ae ree Pittsburgh, Pa.) Ridgway Dynamo & Engine Co............ ‘...Grand Rapids 
Everlasting Valve Co.............. ee Jersey City, N. J. Sanford Riley Stoker Co..............e0e5- Worcester, Mass. 
The Fisher Governor Co.............--- -Marshalltown, Iowa John A. Roebling’s Sons Co...........-+++++05 Chicago, Ill. 
Flexible Steel Lacing Co............ cceccecees Chicago, Ill, The Roto Co.......... cece eee eee c eee e eres Hartford, Conn. 
“se a, Ue GC ae ae Wyandotte, Mich. Scott Valve Mfg. Co.............-. —Gesee sean Detroit, Mich. 
ROE PIRMNDN AIO Ss ooo eens sansa ceuaed Tacony, Phila, Pa. Shallcross Control System Co...........+++: Milwaukee, Wis. 
Foster Engineering Co...............cccceeees Newark,N. J. IL. S. Shaw & Co......... ce. e cece cree eerees Grand Rapids 
Carey Bmes Valve CWOrp,.... 2.56.0. cee es csveaes Chicago, Ill. F. A. Simonds............. kee oR a Oe ee ieee Grand Rapids 
ERR WV EODEIST AOME KIO, 605 os cscs kaek ans ce ewe Grand Rapids Sinclair Refining Co...............- esses eeeee Detroit, Mich. 
a, Cr rr New York City PUREI ENR AN TD MNETOMED oo51615 10.3 ooie's's'5 aS ning ais deans Cleveland, Ohio 
Gallmeyer & Livingston Co...................- Grand Rapids Sloan Valve Co............ eee ee cece reer eeeee Chicago, Ill. 
mune saarory Packing OO... 2... 5.500<saeceaas Palmyra, N. Y. Southern Engineer ......... rene ute his se eae Atlanta, Ga. 
SUMS RUT A PRIERERID TEND, 55's 0a sda weak avs oaceweaaee Chicago, Ce, Ch RT Ce eer i Cleveland, Ohio 
CERRO AMMUN OD oe visas ois Sie is.s.s ose 5 60 ss b.aceeme Albany, N. Y. Standard Oil Co ........ see eee ee eee cece Grand Rapids 
xlobe Kneadable Metallic Packing Co......... Brooklyn, N. Y. Standard Sanitary Mfg. Co................... Grand Rapids 
Grand Rapids Belting Co. .................4- Grand Rapids The Superheater Co..........-.....0-+00 -.-New York, N. Y. 
Grand Rapids Blow Pipe & Dust Arrestor Co...Grand Rapids The Texas Company...........+..seeseeees New York, N. Y. 
Grand Rapids Boiler Works .............. ..Grand Rapids Trill Indicator Co.............- se eeeeeeee ee eees Corry, Pa. 
Grand Rapids Spring Service Co............ .Grand Rapids Triplex................seseeeeeeeeeeee Grand Rapids, Mich. 
Hawk-Eye Compound Co...............2.005 Bilge Asiana, ail, THO TRO WOES soins 5 ose ete eke teeewe nen Erie, Pa. 
SONNEI RINGS is oinl5 4 6:4: 0 viele obs aete Grand Rapids Union Steam Pump Co.................- Battle Creek, Mich. 
Heat Sealing Kant Burn Co................0008 Chicago, Ill. United States Rubber Co............eeeeeeeees Detroit, Mich. 
RENEE ESONIEN BOD iis in 5 MA wa ao 54s 0 one bees Seen ee Chicago, Ill. Universal Coal Spreader Co............-5- eee Chicago, Ill. 
BUS MERA ROE WIND 990s 5 isso: 9.00 6 05198 oss ewe Chicago, Ill. Vacuum Oil Co............ecee ce cececreccneoes Chicago, Il. 
Hoffman Specialty Co.. ett ete seen teen eeees New York, N. Y. Viscosity Oil Co.... 0... cscs scvconsscccveccers Chicago, Ill. 
PS Me PROIOUID MUNDO Ss soso 5500s Sse ens sees ee Grand Rapids The Vulcan Soot Cleaner Co.............-2506- Du Bois, Pa. 
The Hollow Center Packing Co............. Cleveland, Ohio Wayne Water Softener Co...........--.+e000- Detroit, Mich. 
SC MUEUUENIO a Sars Kenisss6csiss sees ocean Trenton, N. J. Wagner Electric Corp..........-.-eeeseeceeeee Chicago, Ill. 
Hooven, Owens, Rentschler Co................ Hamilton, Ohio Warren Webster & Co...........ceeeceecceres Camden, N. J. 
owell, Wiectric Motor Op:.... .......0000s008 Howell, Mich. Western Electric Co..........eeeesceeesceesees Grand Rapids 
BERGTIRN WRPIIUNNO. 190. 30.055 63 05 355 00s 500 -eicy Grand Rapids Westinghouse Electric & Mfg. Co.......... E. Pittsburgh, Pa: 
Independent Pneumatic Tool Co..............,.. Chicago, Ill. Wickes Boiler Co...........-eeeeeeeeeeenres Saginaw, Mich. 
NEE Sooo eh hae spe sa seeae kaa ee Chicago, Ill. John Widdicomb Co..........seeeereeeeeeeees Grand Rapids 
International Correspondence School............ Scranton, Pa. The D. T. Williams Valve Co............... Cincinnati, Ohio 
PRR UEENOR Ts 05 bss chase anos se babe eer New York, N. Y. Wood Conversion Co........eeeeseceeceensecs Cloquet, Minn. 
PE PEMAIVALIG, AMO). 5.6 20s pan.asanee vas peace Cleveland, Ohio Wright Austin Co..........eceeeeeeeeereeeee Detroit,’ Mich. 
EE, 6 Se ee eer yf Smee rey) Hartford, Conn. “X” Laboratories...........+-e+++- Sb a dus Stee New York, N. Y. 
Jointless Fire Brick Co.........sccececccccoses Chicago, Ill. Yarnall-Waring Company............++++4- Philadelphia, Pa. 
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its efficiency elsewhere than heating feed water in an 
economizer. Mr. Bailey’s paper pointed out further that 
instruments are used with large boiler installations not 
alone from the efficiency standpoint but also from that 
of safety of operation. 

The second paper on instruments was a discussion of 
the development, application and installation of electrically 
operated flow meters by J. M. Spitzglass of the Republic 
Flow Meters Co. This paper carries the history through 
from the first experiments and also gives much valuable 
information upon installation. 

CONVENTION OPENS OFFICIALLY ON TUESDAY 


Officially, the 42nd Annual Convention of the N. A. 
S. E. was called to order at 9:45 a. m., Sept. 9 in the 
convention hall of the Klingman Building. Chairman 
George J. Bulliss of the local convention committee pre- 
sided at the opening ceremonies and welcomed the dele- 
gates and visitors to the city. 

Mayor Swarthout, of Grand Rapids, was then intro- 
duced by the chairman. He gave the engineer due credit 
for his large share in the industrial development of Grand 
Rapids and vicinity. Following the Mayor’s speech was 
a talk by Dean George W. Bissell of the Michigan Agri- 
cultural College. His remarks were confined to an his- 
torical sketch of steam engineering and the necessity for 
specialized education in modern industrial development. 

Pres. Royal H. Holbrook of the N. A. S. E. then ad- 
dressed the convention and following him was Past Na- 
tional President Felderman who called attention to the 
fact that that contact with our fellow men is one of the 
essentials of a successful life and that the dissemination 
of practical information was also a vital consideration. 

Tuesday afternoon was the occasion of the national 
president’s report. He reviewed the engineering achieve- 
ments of the past year. Among these was the Mercury 
boiler at Hartford, Conn., the large steam turbines | at 
Providence, Pittsburgh and at Detroit. Of special note 
was the announcement from England of the operation of 
boilers at a pressure of 3200 Ib. per sq. in. 

Turning from the field of steam power he directed the 
attention of his listeners to the great oil engines and mam- 
moth water wheels which have been constructed during the 
past year. It was also pointed out that in America we 
have a cold storage capacity of 600,000,000 cu. ft. while in 
Great Britain they have but 38,000,000 cu. ft. 

Regarding our fuel resources it was told that it is 
estimated that we have today 1,560,000,000,000 T. of coal 
in the ground of which 18 per cent is lignite, 29 per cent 
is sub-bituminous, 51 per cent bituminous and 2 per cent 
anthracite. In addition to this coal there is also 1,045,- 
000,000 barrels of crude oil still available underground. 

It was also brought out that a few years ago a fuel 
consumption of 10 lb. of coal to generate a kilowatt hour 
was considered good. Now such a figure as that is waste 
—an awful waste. The modern plant now gets a record 
of 1.78 to 2.28 lb. of coal for the same amount of energy. 

Attention was also called to the work of the A. S. M. 
K. boiler code committee which has now been at work 
for about 16 yr. That committee has worked diligently 
and faithfully to perfect the present set of rules and in- 
structions for the building of pressure vessels. 

Following the president’s address was the report of the 
National Deputy who emphasized the fact that in view 
of the more or less unsettled business condition through- 
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out the country that the progress of the association has 
been exceptionally good. He also stated that a general 
survey of conditions indicated that in 1925 the association 
would be more successful than it had been in 1924. 

Reports which then followed were those of the national 
secretary, the national treasurer, the technical papers 
committee and the ways and means committee. 

At the Wednesday session, at which time there were 
reported 335 registered delegates, there were reports of 
the membership extension committee, the committee on 
constitution and the annual convention of the life and 
accident department. This session also gave time to the 
report of the power plant cost committee. This report 
stated that many plants do not keep adequate records and 
that the boiler rooms are sadly neglected in most isolated 
plants. An example was given of a well operated plant 
and recommendations were made so that this committee 
could carry on its work by its being made a permanent 
national affair. 

That evening was given over to the exhibitors enter- 
tainment. This feature of the convention drew a large 
and enthusiastic audience of delegates and their friends. 
The program which was under the direction of Chair- 
man Paul T. Payne, was as follows: | 

Piano—Courtesy of the Dearborn Chemical Co. 

Geo. D. B. Van Tassel—Courtesy of the Bigelow Arch 
Co. 

The Harmer Sisters—Courtesy of the Hollow Center 
Packing Co. 

Pupils of Daddy Green—Courtesy of Home Rubber Co. 

Geo. Ogden—Courtesy of the Squires Co. 

Wolverine Four—Courtesy of Jointless Fire Brick Co. 

Bobby Jones—Courtesy of the Garratt-Callahan Co. 

Joe McKenna—Courtesy of Jenkins Bros. 

B. J. Hogan—Courtesy of the Lunkenheimer Co. 

At the end of the above entertainment the Milwaukee 
Engineers Visiting Club Band gave several selections. 

Friday was the closing day of the convention and as 
has been the case in years past, it was the day upon which 
officers for the ensuing year were elected. The election of 
officers this year was practically without contest but one 
ballot having been taken for the election to each office. The 
officers for the ensuing year are as follows: Dudley G. 
Kimball of Boston, Mass., president; Garrett Burgess of 
Detroit, Mich., vice-president; Fred W. Raven of Chicago, 
Ill., secretary ; Samuel B. Forse of Pittsburgh, Pa., treas- 
urer; Henry Mistele of Milwaukee, Wis., trustee for 5 yr.; 
James S. Heath of Hoboken, N. J., conductor and C. A. 
Dobson of Knoxville, Tenn., doorkeeper. 

Officers for the National Exhibitors Association were 
elected as follows: President, W. P. Lyons of Johns- 
Manville, Inc., Chicago, Ill.; vice-president, Chas. F. 
Green of the Home Rubber Co., Trenton, N. J.; treasurer, 
Geo. R. Rowland of the Texas Co., New York. Executive 
committee: W. L. Schaeffer of National Tube Co., 
Pittsburgh, Pa.; J. I. S. Pieters of Jointless Fire Brick 
Co., Chicago, Ill.; Jacob Eige of the Fisher Governor Co., 
Marshalltown, Iowa; W. L. Rogers of Pioneer Rubber 
Mills, New York City and W. T. Birch of the Birch Mfg. 
Co., Chicago, Ill. The officers and executive committee 
reappointed F. N. Chapman of the A. Leschen & Son’s 
Rope Co., St. Louis, Mo., as secretary for the coming year. 

The convention next year will be held at St. Paul, 
Minnesota. 








Shockless Operation Is Feature 
of Pendulum Actuated Valve 


ERETOFORE when a valve has functioned by the 

dropping of a weight, it has been necessary to 
place a stop to catch the weight before the working parts 
of the valve came in contact with the valve body, in order 
to be certain that the valve body would not be fractured 
by the impact. In a shockless type of valve recently 
brought out by the Everlasting Valve Co., of Jersey City, 
N. J., the pendulum so meshes with the gears that after 
the moving parts have been brought to the desired posi- 
tion, either open or closed, the weight and lever are re- 
lieved from any action against the internal parts and swing 
free as does the pendulum of a clock until the weight comes 
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VALVE IN OPEN POSITION SHOWING ARRANGEMENT WHICH 
PERMITS PENDULUM TO SWING FREELY 





to rest. This removes. any possibility of shock to the cas- 
ing of the valve. 

Valves of this type are built in either the closing or 
opening types. In the closing type the weight is carried 
by a single lever. The greatest resistance in this closing 
type is encountered just as the disc is making the final 
passage over the port. By the time this point is reached, 
the weight has acquired sufficient momentum to full close 
the valve. In the opening type the valve stands closed 
with the pressure against the disc. The greatest force is 
required at the moment when the valve is about to open. 
In this type, therefore, the weight is suspended on a lever 
which swings free from the functioning mechanism of the 
valve. When the release is broken, there is no resistance 
offered to the weight. It falls quickly and hits the func- 
tioning lever a blow. That blow overcomes the resistance 
of the disc at the cracking point of the valve and the 
weight then rests against the lower lever and carries the 
valve to the full open position. 

Various tripping mechanisms may be used such as 
fusible links, floats or electrically actuated types. Valves 
of the closing type are for such service as emergency divert- 
ing valves, emergency shut-off for inflammable fluids and 
similar uses. Opening type valves may be used on 
sprinkler systems, foam systems, electric generator protec- 
tion and similar services. 


Rep Wine PrEsERVING Co. of Fredonia, N. Y. have 
just installed one new 500-hp. Erie City vertical boiler, 
making the total boiler horsepower 1000. 
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Three New Plants Nearing 
Completion at St. Paul 


ITH the completion within the next few months of 

two new steam stations and a new hydroelectric plant, 
St. Paul, Minn., will take its place as an important power 
center of the northwest. The three big developments are 
the plants of the Northern States Power Co., the St. Paul 
Gas Light Co. and the Ford Motor Co. 

Up to the time the first unit of the Northern States 
Power Co.’s new High Bridge station was put in operation 
recently, there was only about 20,000 kw. of central sta- 
tion capacity in the city. This was not enough to handle 
the requirements so it was necessary to depend on power 
from outside sources. This capacity will be increased more 
than five times by close of this year with the addition of 
over 100,000 kw. 

It is expected that the second 30,000-kw. unit at the 
High Bridge plant will be in operation about October 1. 
This will give a plant capacity of 60,000 kw. which will 
be further increased as the demands require. The North- 
ern States Power Co. is one of the properties of the Byl- 
lesby Engineering and Management Corporation and the 
High Bridge Plant has been designed by the engineers of 
the Byllesby organization. 

Another equally important development is that of the 
St. Paul Gas Light Co. This is to be a pulverized fuel 
fired plant built on an island about a quarter of a mile 
above the High Bridge. The first turbo-generator of 
25,000-kw. capacity is now being installed, and it is ex- 
pected that the plant will be in operation before the first 
of the year. Present plans call for the installation of an 
additional 35,000-kw. unit as soon as the work on the first 
unit is completed. Toltz, King & Day, Inc., consulting 
engineers of St. Paul are the designers of this plant. 

In addition to these two steam plant developments the 
Ford Motor Co. is building a hydro-electric plant at the 
High dam on the Mississippi River. The plant, which is 
now nearing completion, is made up of four 4500-kw. 
units. The conditions of the permit granted by the Fed- 
eral Power Commission call for the sale of surplus power 
to the Northern States Power Co. The Ford organization 
is also building a steam plant, designed for a maximum 
capacity of 10,000 kw. which will be used as a stand-by for 
the water power plant. Stone & Webster, Inc., of Boston 
are the designers of the hydro-electric plant. 

When these various plants are completed St. Paul will 
take its place as a center of distribution to outside terri- 
tories instead of being dependent on outside power for its 
industrial development. 


Philadelphia Electric Co. to Use 
Conowingo Falls Power 


PLANS FOR FINANCING the big hydro-electric develop- 
ment on the Maryland side of the Susquehanna River at 
Conowingo Falls have been completed. Development will 
be carried out by the Susquehanna Power Co., which has 
been taken over by the Philadelphia Electric Co. Finan- 
cial details were handled by Drexel & Co. © ; 

Construction is expected to begin shortly. Plans call 
for a concrete dam 3300 ft. long with average head 62 ft. 
above bed of the river, and a power house 120 ft. wide and 
700 ft. long. Eventually 10 turbines of 30,000 hp. each 
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will be installed, but the initial installation will be 6 tur- 
bines, with 180,000 hp. Expenditure at the outset is esti- 
mated at $15,000,000, and $30,000,000 when maximum 
capacity is developed. 

Part of the preliminary work will be raising 20 mi. of 
the roadbed of the Columbia & Port Deposit Railroad, a 
branch of the Pennsylvania Railroad. 

All rights of way along the river have been acquired, 
and most of the strips of land for the transmission line 
from Conowingo to Philadelphia have been bought. All 
current will be distributed by the Philadelphia Electric Co. 


Power Show to be Held in 
New York, Dec. 1 to 6 


VER 260 exhibitors have been assigned space at the 
Third National Exposition of Power and Mechan- 
ical Engineering which will be held in the Grand Central 
Palace, New York City, from Dec. 1 through Dec. 6. As 
this number is more than two times greater than those 
who had engaged space on August first a year ago, the 
indications are that the coming event will be of tremendous 
interest and importance. The 1923 Exposition drew an 
attendance of 62,079 engineers, executives, financiers, 
operating men, as well as large numbers of engineering 
students with their instructors. This is an increase of 
15,000 over the number who attended the 1922 Exposition. 
As the expressions of appreciation and interest in the 
1923 exhibit were proof of the value of the Exposition and 
as the large attendance of vitally interested visitors was a 
great satisfaction to those exhibiting, it is safe to assume 
that the coming event will greatly surpass all of its pred- 
ecessors. The constant growth of the Exposition is inter- 
esting proof that the industries related to power and 
mechanical engineering are in a state of rapid develop- 
ment, and need the inspiration and ideas started at the 
Exposition. The growth of the Exposition has also been 
an object lesson to these industries, for in addition to giv- 
ing the engineering and general public an idea of the size 
and importance of the industries, it has dignified the 
industries in the eyes of those engaged in them and pre- 
sented a perspective of functions and methods that noth- 
ing else could have provided. 

As usual, the Exposition will parallel the meetings of 
The American Society of Mechanical Engineers and the 
American Society of Refrigerating Engineers. The A. S. 
M. E. meeting will be held in the Engineering Societies 
suilding, 29 West 39th St., New York City, and the A. 8. 
R. E. meeting will be held at the Hotel Astor, New York 
City. Plans are under way for the American Society of 
Heating and Ventilating Engineers to have a gathering of 
Local Sections during the time of the Exposition. The 
co-operation of the various engineering societies has been 
valuable, since it enables members to attend the meetings 
and at the same time see the exhibits. 


ATTENTION HAS been called to the fact that, in the 
deseription of the method of pouring baffles around paper 
tube thimbles, published on page 925 of the September 1 
issue, no mention was made of patents being held on this 
process by the Heine Boiler Co. In order to use this proc- 
ess, therefore, it will be necessary to secure the permission 
0: the owner of the patents. 
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Bronze Stop Valve Built with 
O. S. & Y. Bonnet 


N ORDER to build a stop valve in which the stem 

threads are not exposed to the action of high tempera- 
tures and destructive fluids which might break down the 
metal of the inside screw type, the Edwards Valve & 
Manufacturing Co., of East Chicago, Ind., has recently 
developed a valve with an outside screw and yoke bonnet. 
The bonnet is of forged Tobin bronze. In order to pro- 
vide ventilation for the stem threads the bonnet is slotted. 
This part of the construction does not show in the sectional 
view as these slots are at the front and back as will be noted 
from the accompanying illustration a packing box of ample 
size has been provided. The packing nut is of monel metal 
and the design permits packing the valve while under pres- 
sure. The body is of hard steam bronze and the seat and 
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STEM THREADS ARE VENTILATED BY SLOTS IN YOKE 


disc are monel metal of the regular Edwards protected 
type construction. In this valve the stem is of rolled 
monel metal with long threads engaging the bonnet and 
with a bronze plate at the end of the stem for bearing on 
the disc. 

Stop valves of this type are designed for working pres- 
sures up to 300 lb. and temperatures up to 550 deg. F. 
and are built in globe and angle styles with screwed ends. 


News Notes 


WHEN THE ANNUAL CONVENTION of the National In- 
dustrial Advertisers Association is held on October 13 and 
14 at the Edgewater Beach Hotel at Chicago, the main 
theme will be “Reducing the Cost of Selling Industrial 
Products.” Prominent industrial advertising and sales 
executives will discuss the problems involved in sale of 
technical and industrial products during the two day 
meeting. 


AVERAGE DAILY production of electricity by public- 
utility power plants in July was 148,300,000 kw-hr., about 
2 per cent less than the revised figures for the daily out- 
put of the month of June. The average daily total output 
for 1924 indicates that the output of electricity by public- 
utility power plants has decreased uniformly each month 
from April to July. Since there was no increase in the 
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rate of decrease in July, it probably can be stated, based 
on previous records, that the rate of decrease in the de- 
mand for electricity which has continued so uniformly so 
far this year probably reached a minimum in July and 
that the figures of output for August will probably show 
an increase. 

MANUFACTURE and development of machinery and 
process of reclaiming the combustible fuel in ashes has been 
taken up by the Ash Reclaiming Machinery Corporation, 
347 Madison Ave., New York City, of which Sterling H. 
Bunnell is vice-president. The principle of operation of 
the system was explained in the issue of September 15, on 
p. 964. The process is now being applied in a number of 
plants in this country. 


OnIo Maton Co., Spokane, Wash., has completed the 
installation of a 24 by 30-in. 640-hp. Corliss non-releasing 
Chuse engine direct connected to a 500-kv.a. Westinghouse 
alternator. The boiler room is equipped with four Wickes 
vertical water tube boilers of 225 hp. each, installed in 
1923. 

Epwarp L. Donan, local manager of the Arkansas 
Light and Power Co. at Stuttgart, Ark., was instantly 
killed on Aug. 11, when he came into contact with the wire 
of a high voltage transmission line. Mr. Donan was a 
graduate electrical engineer from Washington University 
at St. Louis, Mo., and had been employed by the Arkansas 
Light and Power Co. for the last 5 yr. 


MANNING, MaxweELt & Moors, Inc., of New York 
City have appointed P. M. Brotherhood as consulting en- 
gineer for the company. Frank J. Baumis has been made 
vice-president in charge of the machinery and Augustus 
Wood is now works manager of the Putnam Machine Oo. 
at Fitchburg, Mass. 

THE GENERAL Evectric Co. is installing in the James- 
town, N. Y., Municipal plant a new 5000-kw. turbine which 
will be in operation this year. Added to the 4000 kw. 
capacity this will give a plant rating of 9000 kw. J. C. 
Neville is chief engineer. 

James T. SMITH, who has for the last 5 yr. been chief 
engineer for the Arkansas Light and Power Co. at Para- 
gould, Ark., has accepted the position of chief engineer for 
the Arkansas-Missouri Power Co. at Blytheville, Ark. 

Rocuester Gas & Evecrric Co., of Rochester, N. Y., 
is remodeling and extending its power plant by the installa- 
tion of three 875-hp. boilers fired by Taylor stokers with 
steam ash dump. 

W. C. Masrey, who for the last 12 yr. has been a 
chief engineer in the U. 8. Navy, has accepted the position 
of chief engineer for the city water and light plant at 
Jonesboro, Ark. 


Artuour I. Herrick has been appointed sales manager 


of the Frederick Iron & Steel Co. Mr. Herrick was: 


formerly connected with the Cameron Pump Works and 
Ingersoll-Rand Co. 

Sessions ENGINEERING Co. of Chicago, has opened a 
Western district office at Portland, Ore., Suite 1238, 
Northwestern Bank Building, in charge of H. F. Winte. 

Snow Stream Pump Co. are installing a new 8 million 
gallon pump. at the city water works of Dunkirk, N. Y. 
Warren Peck is superintendent. 
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Catalog Notes 


TayLor Stoxers of the new type are covered in a 54- 
page bulletin, which is now being distributed by the Amer- 
ican Engineering Co. of Philadelphia. The bulletin de- 
scribes, in considerable detail, the various design and 
operating features of this stoker, and is completely illus- 
trated to make the text matter easily understood. A large 
cross-sectional view is shown and the functions of the 
various parts are described with reference to this drawing. 
In the last part of the bulletin a list of representative 
Taylor stoker installations is presented, together with typ- 
ical cross section views of different types of boilers 
equipped with these stokers. 


PreEssuRE FiutTers for clarifying water for steam boil- 
ers, textile mills, paper mills, laundries, hotels and other 
such services are described in a 36-page catalog, issued by 
the Cochrane Corporation of Philadelphia. The filtering 
medium employed is graded quartz-sand and gravel, super- 
imposed in layers and increasing in size towards the bot- 
tom from which the water escapes through special strainer 
heads. Considerable information is given on the different 
classes of service for which these filters are adapted, and 
various drawings show the general method of installation. 


IntInois CHAIN Grate StoKeErs, the third edition of 
Catalogue L of the Illinois Stoker Co., Alton, Ill., has: just 
been issued. In addition to describing the mechanical and 
operating details of this line of chain grate stokers, quite 
an array of blueprint drawings shows the use of both forced 
and natural draft chain grates in connection with all the 
principal types and makes of boilers. These drawings give 
an interesting picture of the wide variety in applications 
which can be handled with this type of equipment. 


Power At Less PER BARREL is a 16-page booklet which 
emphasizes the economy of the oil engine as a source of 
power in flour mills. This booklet is published by the 
Fairbanks-Morse Co., of Chicago, and shows the applica- 
tion of the company’s type Y oil engine, built in sizes 
from 10 to 300 hp. as applied to flour mill service. 


CaTaLocuE No. 27 of the Stephens-Adamson Mfg. Co., 
of Aurora, Illinois, covers chains, sprockets and gears, 
which are manufactured by this organization. The 
technical discussion is presented in conjunction with 
dimension drawings and price lists, in such a way as to 
make an interesting reference work on the subject. 


APPARATUS FOR MEASURING CONDUCTIVITY OF ELEO- 
TROLYTES is the title of Catalogue No. 48, published by the 
Leeds & Northrup Co., 4901 Stenton Ave., Philadelphia, 
Pa. Apparatus of the type described may be used to deter- 
mine the purity of water and hence has an application in 
condenser and boiler work. 


Naturat Drarr UNITED SToKERs is the title of a new 
bulletin issued by the United Stokers Co., of La Porte, Ind. 
Operating features of this line of chain grate stokers are 
illustrated and described and typical cross section views of 
boiler installations using these stokers are shown. 

A: FEW OF THE PropuCcTs of the Ross Heater & Mfg. 
Co., of Buffalo, are described in a folder which has recently 
been issued. Heat exchangers, surface, low level jet and 
barometric condensers, strainers and expansion joints are 
covered. 
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